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FOREWORD 

This technical report presents an acceptance-sampling procedure and 

tables of related sampling-inspect ion plans tor the evaluation of lot 

quality in terms of reliable I ife or its complement, quant lie life. Also 

included are tables oi   factors from which other sampling inspection plans 

of desired form can be determined and for use in evaluating the operating 

characteristics of specified plans. In addition, other associated tables 

of factors are included for determining the minimum lifetesting time 

required to provide a high level of assurance that reliable life require- 

ments have been met. The Wei bull distribution is used as a statistical model 

for item Ii felength. 

These procedures and tables have been prepared to supplement the plans 

and procedures previously issued in Department of Defense Technical Reports 

Number TR3 and Number TR'* for lot evaluation in terms of mean item life 

and in terms of hazard rate. These two plus ini; cow roport offer a com- 

prehensive collection of tables for life and reliability tasting based on 

the WeibuM distribution. 

The study upon which this report is based, as well as the work under- 

lying the two previously issued, wss done at Cornell University under a 

contract sponsored by the Office of Naval Research. 

Henry P. Goode 

John H.K. Kao 
Department of Industrial Engineering 

and Admi ni stration 
College of Engineering 
Cornel I Un iversi ty 
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SECTION I 

INTRODUCTION 

1.1 Summary 

This technical report outlines an acceptanco-sompling procedure and 

presents tables of related sompIing-inspect ion plans for the evcluation of 

lot quality in terms of reliable life which Is the life beyond which some 

specified proportion of the items will survive. Tables of plans are sup- 

plied for three reliabiIity indices, .50, .90, and .99. The Weibull distri- 

bution, including the exponential and the Rayleigh distributions as special 

cases, is assumed as a statistical model for item lifelength. The evalua- 

tion of sample items is by attributes with lifetesting being truncated at 

the end of a specified period of time. Tables of conversion factors are 

also provided from which other samp Iing-inspect ion plans of desired form 

can be designed and for use in evaluating the operating characteristics of 

other specified sampling-inspection plans in terms of item reliable life. 

A supplementary procedure and associated tables of factors are also 

included for use in determining the minimum lifetesting time required for 

sample items to provide assurance at a confidence level of .95 +hat the 

items in the lot or population meet the reliable life specifiei. Factors 

are provided for this alternative procedure for a representative range of 

sample sizes and acceptance numbers. Another table of factors are provided 

for lot evaluation under this procedure In terms of mean item life. 

1.2 Introduction 

The sampling inspection tables and procedures presented in this report 

evaluate item life for the lot in terms of reliable life which may be 

defined as the life beyond which some specified proportion of the items can 

be expected to survive.  (A more precise definiMon will be found In 

Appendix A.) They have been prepared to supplement the Weibull plans and 



procedures for the evaluation of lot quality in terms of mean life and in 

terms of hazard rate at some specified life which were puDlished as Depart- 

ment of Delense Quality Control and Reliability Technical Reports TR) and 

TRk  .     This and related material ma«/ also be found in reports by the authors 

published elsewhers. ' '■>' 

The papers previously published discuss the weibull distribution at 

some length, review the underlying assumptions required, show the relation- 

ship between it and the exponential distribution, and offer much related 

material. Also, an extensive discussion of the Weibull distribution as a 

statistical model for lifelength, together with material on estimating the 

7 A 
Weibull parameters can be found in a paper by Kao and a paper by Plait . 

Since this material is readily available, a general discussion of the 

Weibull distribution will not be repeated in this report. 

It may be well to note, however, that the Weibull distribution has 

three parameters. One is a scale or characteristic life parameter commonly 

symbolized by the letter i\.     For the plans and procedures presented here 

this parameter is not of concern and need not be known or estimated; the 

methods are independent of its magnitude. Another is a shape parameter, 

conventionally symbolized by the letter ß. This parameter is quite import- 

ant for the tables and methods presented in this report; they depend 

directly on its magnituu«.  For appropriate application, the magnitude of 

ß must be known or must be assumed to approximate some given value. Such 

knowledge is usually obtained either directly or indirectly from the analy- 

sis of past experimental ond inspection results. The third parameter is a 

location or threshold parameter, commonly symbolized by the letter y.    For 

direct use of the procedures and tables presented here, it is aüumed that 

this parameter has zero value; that there is no initial period of item life 

that is completely free of any risk of failure.  For many applications this 
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will be the case. However, if it is known that 7 has some value other than 

zero, it is very easy to allow for this known value. This point will be 

discussed in a following section of the report and an illustrative exampl« 

wi * I be given. 

Basic tables of conversion factors for the design of required accept- 

ance plans or the evaluation of specified plans, and comprehensive tables 

of single-sampling acceptance inspection plans have been computed for an 

extensive range of ß, or shape parameter, values. For the conversion 

factors, ß values of \,  $, $,   \,   \\,   if, 2, 2^, 5^, U, and 5 have been 

included. Tables of sampling inspection plans have been provided for the 

range of ß values most commonly encountered with the specific values of 

\>  $>  f' '* 'i» 'f' 2, and 2^ being included. It should be pointed out 

that ß values of less than I apply to products whose hazard rate is rela- 

tively high in early life and which decreases with the passage of time. 

The smaller the value for ß, the greater the rate of decrease. Such param- 

eters seem to apply generally to a wide range of electronic components such 

as resistors and transistors.  Tor a ß value of exactly I, the Weibull dis- 

tribution is the same as the exponential; the exponential distribution is, 

in effect, a special case of the Weibull. At this parameter value the 

hazard rate is constant and independent of the passage of time. For ß 

values greater +han I the hazard rate is relatively low early in life and 

increases with the passage of time. For a ß value of exactly 2, the 

Weibull distribution specializes to the Rayleigh distribution whose hazard 

rate increases linearly with time.  The larger the value of ß, the greater 

the rate of increase.  This form of hazard rate pattern is typical of pro- 

ducts for which failure is due to wear out or fatigue, as may be the case, 

for example, with ball bearings. Thus it should be obvious that the value 

tor this parameter is critical and must be known for the appropriate 

I 
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application of a sampling inspection plan. This is true also, one shou'd 

observe, in the case of the exponential distribution; i.e., (ß ■ l); it must 

be known or assumed the hazard rate is constant over time if exponential 

plans are to be appropriately applied. 

For each ß value Included, factors and sampling plans have been com- 

puted for each of three reliability indices or proportions, namely .50, .90, 

and .99« selected for use in this study to define reliable life. It can 

readily be seen that the reliable life p is equivalent to the quantile of 

order (l-r) of a distribution (see Reference 9,  p. |8|). If the reliabil- 

ity index r is the spocified survival probability at time p, then the reli- 

able life p is the theoretical lifelengtn associated with r. For example, 

for a product if p « 1000 hours and r ■ .90, 90%  of the items can be 

expected to have a Iife of 1000 hours or longer. Hence if r is chosen to 

be close to unity, p will be close to zero. On the other hand, If r can 

be tolerably small, then p can be very large indeed. The two trivial 

cases have been omitted here for r ■ I and 0 for which p » 0 and » 
r 

respectively. A special case of p Is found when r ■ ^, then the measure 

p is known as median life, (. 

A notable area of application of the reliable life concept can be 

found in the anti-friction bearing industry In which the rated bearing life 

for a given applicat ion is usually the reliable Iife with the reliablIIty 

index r set equal to 90^. A bearing manufacturing firm, for example, lists 

their bearing capacities based upon LB-10 Life (p „) equal to 3000 hours 

and a speed of 500 rpm. If a life of other than 5000 hours is desired or 

the actual speed is different from 500 rpm, the load capacity can be appro- 

priately adjusted by using one of the so-called trade-off or acceleration 

factors similar to those well-known in the electronic component industry. 

■if- 



(Unfortunately, this information for major electronic components is still 

not widely available.) 

Ano+her example of application employing the concept of reliable life 

is found in the area of biological assaying where, for example, the effi- 

cac, or potency of a poisonous material such as an insecticide or a herbi- 

cide is characterized by its median latha! dose, LD50 which is the theo- 

retical dosage corresponding to the insect's or plant's reliable life with 

r • 50%,  commonly known as its median life. 

Numerous other areas of application     can be cited; e.g., fatigue 

testing of metals or components, sensitivity testing of fuzes or primers, 

and breakdown voltage testing of dielectric materials or insulators, to 

name just a few. For this reason, the examples in this report which demon- 

strate the use of various tables will not be restricted to any specific 

area of application, although the report is directed mainly to the areas of 

fatigue testing and biological assaying. 

In thd area of fatigue testing, including testing to failure of most 

11 12 
anti-friction bearings, where the fatigue life for p %  survival * ' is 

exacMy equal to the reliable life for r > p/100, the Weibull distribution 

1 Y Ik 
is found to be particularly useful'''' . on the other hand, in the area 

of biological assaying, although the lognormal distribution has been tradi- 

tionally used , the Weibull distribution which can be made to have a shape 

similar to a lognormal distribution should prove to be equally useful. 

I.3 The Form of the Acceptance Procedure 

The following acceptance sampling-inspect ion procedure has been 

assumed for the plans and methods presented in this report: 

(a) Select at random a sample of n items from the lot. 

(b) Place these sample items on life test for some preassigned test 

time t. 
-5- 
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(c) Determine the number of items that foil prior to the termination 

of the test (at time t). 

(d) Compare the number of items that fail with an acceptance number c 

specified for the selected plsn. If the number that fail is equal to or 

less than the acceptance number, accept the lot; if the number that fail 

exceeds it, reject the lot. 

Lifelength measurements and specifications, and the test period, t, 

may be in any appropriate measurable units — minutes, hours, or stress 

cycles endured, for example.  While only single-sample acceptance plans 

are included in this report, double-sampling or multiple-sampling plans may 

be constructed, if desired, through use of the b^sic conversion ratios pro- 

v i ded. 
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SECTION 2 

THE BASIC CONVERSION FACTORS 

One may note that the acceptance procedure is of the familiar attri- 

bute form. The only modification is that the item quality of interest is 

life and that testing for life is Truncated at some time t. Thus the lot 

is effectively evaluated in terms of the proportion of items, p1, that 

can be expected to fail before the test truncation time. With the shape 

parameter, ß, of the distribution known or given and with the test time, t, 

specified, this proportion, p', is a function only of the reliable life for 

the lot, p, and the reliability index, r, of the lot that is to have this 

reliable life. Hence the operating characteristics of any specified 

samp I ing-inspect ion plan depend only on t, p, and r (for any given value 

for ß). So that the ratios and sampling plans will be convenient for gen- 

eral use, the dimension less quantity t/p has been employed; one does not 

have to work in terns of specific values for test truncation time and reli- 

able life. In practical application it will be found to be quite easy to 

convert from a ratio to specific values of t and p, or from specified 

values for these measures to the equivalent rat o.  However the proportion 

r that must have the specified reliable life, p, could not be treated in 

this convenient manner. It has been necessary to compute separately basic 

factors and tables of plans for each of the selected velues of r. As pre- 

viously mentioned, these are r = .50, r = .90, and r = ,99. 

As a foundation for the reliable life plans included in this report, 

tables of basic conversion factors have accordingly been computed to show 

for the WeibuM distribution The relationship between p1 and the ratio 

t/p.  These factors may also provide a basis for the design of other sampl- 

ing inspection plans for reliable life using techniques commonly employed 

with the binomial, hypergeometric, or Poisson distributions in the design 
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of ordinary attribute plans. Also, the conversion factors may be used to 

evaluate plans in use or ones that have been specified for use. Examples 

of such applications will be given. 

These tables of factors will be found at the end of this report as 

Tables l-a,-b,-c, and 2-a,-b,-c, with r = ,50 for a, r = .90 for b, and 

r = ,99 for c.  For convenience in tabulation and use, the value (t/p) x 100 

has been employed rather than t/p, and p1 is expressed as a percentage 

rather than as a decimal fraction. Tables I list values for (t/p) x 100 

for specified values of p'(^). Tables 2 list values for p'(^) for speci- 

fied values of (t/p) x 100. In each case, separate tables have been pre- 

pared for each of the selected values for r. These two sets of tables ore 

meant to supplement each other so as to provide convenient conversion in 

either direction.  Note also that by the provision of these two supplement- 

ary sets, a considerably wider range of conversion values is provided; the 

factors in one table are expanded in range in the region where they are 

compressed in the other table, and vice versa.  The values selected for 

p'(^) and (t/p) x 100 from which to convert have been determined by the use 

of a standard preferred number saries.  Details of the mathematical steps 

involved in establishing the (t/p) x 100 and p' relationships will be found' 

in the appendix. 

Example (I) 

A sampling inspection plan is required for the evaluation of production 

lots of a product in terms of reliable life, with reliable life defined as 

the life beyond which 50^6 of the items can be expected to survive. A reli- 

able life of 1000 hours is considered acceptable and for lots with this 

reliable life or longer the probability of acceptance should be high, soy 

.95 or more. A reliable life of UOO hours is considered unacceptable so 

that lots with this reliable life or less shouId have a low probabi Iity of 



acceptance, say .05 or less. A test truncation time of 100 hours is to 

be employed.  Experience has indicated the Weibull distribution applies 

with a value for the shape parameter of 1^ and for the location parameter 

o 0. Thus, p = 1000 at the AQL (acceptable quality level) for which 

P(A) i .95, P = ^00 at the RQL (rejectable quality level) for which 

P(A) i   .05, r = .50, t = 100, ß = if, and 7=0. 

Through the use of Table 2a which contains conversion factors for 

r = .50, values for p1 at the AQL and the RQL can be determined.  For the 

values for t and p specified, 

(t/p) x 100 = (100/1000) x 100 = 10     (at the AQL) 

(t/p) x 100 = (IOOAOO) x 100 =25     (at the RQL). 

3y entering Table 2a with these two values and reading from the column 

for the shape parameter value, ß, of if, it is found that at the AQL 

p' = 1.48(^) and at the RQL p* = 6.U5(^). These are the respective proba- 

bilities of item failure before the end of the 100 hour testing period. 

With these two values for p', values for n, the sample size, and c, the 

acceptance number can be determined through any of the well-known methods 

ordinarily used in the design of attribute sampling inspection plans.  The 

Poi sson-based tables prepared by Cameron  will serve -«el I for this example. 

Through use of these tables it is found that an acceptance number, c, of 

either 4 or 5 wiI I meet the requirements for p1 reasonably well.  Through 

further use of Cameron's tables and with an acceptance number of 5, it is 

found that a sample size of 16^ will provide the required consumer's risk. 

With this acceptance number and sample size, the tables indicate the proba- 

bility of acceptance at the acceptable quality level will be between .95 

and .975 so that the producer's risk requirement v/i II also bo met.  An 

alternative procedure for determining c and n and one that is somewhat more 

precise is to use a beta probability chart (which is based on the binomial 
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distribution).  One may be found in a paper by Kao. 

Example (2) 

For another application of sampling inspection in terms of reliable 

life, a Military Standard Plan has been specified, one with an AQL of 1.5^ 

and with Sample Size Code Letter K. For single sampling, the sample size 

for this plan is 110 items and the acceptance number is k.    Reliable life 

has been defined in this case as the life beyond which 90^ of the items can 

be expected to survive; i.e., r ■ .90. The testing of sample items is to 

be truncated at kOO  hours. The Wei bull distribution can be assumed as a 

lifelength model with ß = 2^ and 7=0. The user of this plan would like 

to know what its operating characteristics are in terms of reliable life and 

in particular what protection he as ■*"he consumer will receive. 

To determine these characteristics, the first step is to determine for 

the values for n and c specified the corresponding p' values associated with 

appropriate probabilities of acceptance.  These values for p1 may be 

obtained approximately by reading them from the Operating Characteristic 

curves supplied as a part of 1he MIL-STD-I05C Plans or by use of cumulative 

tables of the Poisson or binomial distributions. Examination of the operat- 

ing characteristic curve for the selected plan supplied in the i05C Standard 

indicates that at P(A) = .95, P1 = 1.8^ and at P(A) = .10, p' = 7.5^ 

(approximately, in both cases). A check by means of Poisson tables will 

indicate these values are reasonably close to the right percentages. 

The next step is to use these percentages to determine from Table lb, 

which gives tables of conversion factors for r = .00, the corresponding 

(t/p) x 100 values.  With these values and with the valus for t specified, 

only a simple computation is required as the final step necessary to find 

the desired reliable life values.  At the acceptable quality level for which 

p1 = 1.8(^6), through interpolation in the column of factors for ß = 2^, a 



value for (r/p) X 100 ot k^.k  can be found.  With t « 400, (kOC/p)  x 100 « 

ky.k  or p = 8l0 hours. This, then, is the "acceptable" reliable life; the 

reliable life required for the lot if the probability of acceptance is to 

be high. At the unacceptable quality level for which p' ■ 7.3(^)i inter- 

polation in Table lb will give a value of 87.5 ^or (t/p) x 100. Substitu- 

tion of t = hOO  gives (kOO/p)  x 100 = 6?.5 or p = U60 hours.  Tfus if the 

reliable life for a lot is 460 hours or less the probability of acceptano? 

will be low, namely .10 or less. 

Under the use of MIL-STD-I05C plans as selected for this example, the 

alternatives of double-sampling and multiple sampling are available. If 

double sampling is employed, for example, for Sample Size Letter K the first 

sample size would be 7b and the second 150. For an AQL of 1.5^ the accept- 

ance number would be 2 for the first sample and the rejection number 8. For 

failures from the combined samples the acceptance number would be 7 and the 

rejection number 8. All other elements of the procedure for double-sampling 

would be employed. The test time for the first sample would be 400 hours, 

the same as for single sampling; likewise the test time for the second 

sample would have to be 400 hours. One mey note that a possible reduction 

under double-sampling in the numoer of sample items that may hove to be 

inspected can be achieved only by a doubling of the duration of the life- 

testing time for some lots. Under double sampling or multiple sampling 

employing the same Sample Size Code Letter and AQL, the operating character- 

istics will obviously be closely the same as for single sampling. 

Example (3) 

Suppose that   in  another application the requirements  for   lot quality 

and the  inspection conditions are the same as  for Example  (2) with the 

exception that 7,   the  location or threshold parameter,   is equal   to 250 

hours  instead of 0.    As before,  at P(A)  «  .95,  p' »  1.8^ and the 
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corresponding (t/p) x 100 value is U9.U. Likewise, the (t/p) x 100 value 

at RCA) ■ .10 for which p' a 7.3$ is 87.5. However, now time values must 

be considered in terms of 7 = 250.  A new value t , which is t x t - 7 = 

UOO-25O = 150 must be computed and used in working with the factors from 

the table.  At the acceptable quality level now (tn/pn) x 100 = kg.k  or 

(150/p ) x 100 = 49.'+ which results in a value for p of 500 hours for the 

relative reliable life.  This may be converted back to absolute or real 

terms oy simply cdding the value for y;   thus p = 500 + 250 = 550 hours for 

."he acceptable reliable life.  At the unacceptable quality level, 

(t /p ) x 100 = 87.5 or (ISO/p-) x 100 = 87.5 which results in a value for 

P0 of 170 hours. The real or absolute value for the unacceptable reliable 

life is Pn + 7 which is 170 + 250 or h20  hours.  In any application of the 

sampling plans or basic conversion factors presented in +his report, when 

7 has some value greater than 0, all that must be done is to work with the 

tabulated values in terns of t and pn where t = t - 7 and p„= p - 7.  Tho 

solution in terms of t« or p0 may then be converted back to absolute or 

real terms by edding the value for 7. 
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SECTION 3 

THE TABLES OF SAMPLING PLANS 

'.I Description of the Tables of Plans 

This report also includes twenty-four tables of sampling inspection 

plans.  These tables cover eight values of the shape parameter, ß, over the 

range most frequently encountered in practice.  For e?/ch ß value, tables 

have been prepared for each of the three values of the reliability index, 

r, for which the relationship between p1 and (t/p) x 100 has been deter- 

mined.  These tables, Tables 5al through jcb,   will be found at the end of 

the report. 

Each table lists for a range of acceptance numbers, c, the minimum 

sample size, n, to be employed.  A plan, or pair of c and n values, is 

available for a variety of (t/p) x 100 ratios and for each ratio, for 

acceptance numbers ranging from 0 to 10. The plans have been designed so 

that if 100 times the ratio between the test-truncation time, t, and the 

reliable life for the lot, p, is equal to the ratio value in the selected 

column heading, the probabi Iity of acceptance, P(A) will be .10 or less. 

That is, a selected plan assures with 90^ confidence or more the rejection 

of lots for which the (t/p) x 100 ratio ii. equal to or greater than the value 

shown in the column heading.  It has been assumed that in the use of these 

plans the consumer's risk will be of most importance.  For this reason the 

plans have been cataloged by their P(A) S .10 ratios.  These ratios (as 

shown in the column headings) are a common measure of consumer protection 

and may be regarded in the same way as LTPO (lot tolerance per cent defect- 

ive) values are regerded in describing the operating characteristics of 

ordinary attribute or variables acceptance plans. 

In addition, for each of the plans the (t/p) x 100 ratio has been deter- 

mined tor which the probability of acceptance is .95 or more.  Each of these 
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RCA) 2 .95 ratio values will be found enclosed in parentheses immediate.y 

under the corresponding sample size number.  These ratio values may be 

regarded in the same way that AQL (acceptable quality level) values are a'i 

a measure of the producer's risk. If the item life distribution for a lot 

is such that its (t/p) x 100 ratio is equal to or less than the table head- 

ing value, the selected plan assures a P(A) 2 .95. 

Thus the two ratio values, the one in the column heading and the one 

in parentheses immediately below the sample size number, describe in broad 

terms the operating characteristics of each plan.  If one or the other of 

these values is specified for an acceptance inspection application, with 

a^diiiunal information, a suitable plan may be selected from the tables. 

Alternatively, the pair of values may be used to determine in approximate 

terms the operating characteristics of a plan that has been specified or 

that is in use end whose values for n and c match reasonably well one of the 

plans in the tables. 

To make these plans available for general use, the binomial distribu- 

tion and the Poisson distribution were employed in their design. Binomial 

17 
tables prepared by Grubbs  were used in the design of all plans using 

acceptance numbers, c, up to 9 and sample sizes, n, up to 150. The remain- 

der of the plans, those for c = 10 and for sample sizes over 150, were 

designed by employing the Poisson distribution as an approximation to the 

binomial. Here use was made of np1 values prepared by Cameron.   In each 

case of changing from the binomial to the Poisson distribution, the match 

in sample sizes was checked. It was found to be dose in all cases. 

Furthermore, the slight differences that were found were on the conservative 

side; the sample size under the Poisson was slightly larger than the number 

theoretical Iy required under the binomial assumption. 
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3.2 Use of the Plans 

In making use of the plans, one should recognize that the binomial 

and Poisson distributions were employed in their design.  For this reason 

the size of the sample should be relatively small compared to the size of 

the lot, just as in the case of other published tables of attribute 

samp Iing-inspection plans.  If the sample size is relatively large, the 

probability values assigned to the (t/p) x 100 ratios will not precisely 

apply.  This point, however, should present little difficulty in practice. 

In addition to making sure the sample size is not so large that it con- 

stitutes a substantial portion of the lot, a few other practical points in 

application should be observed. One is that if specified sample sizes are 

for practical reasons to be rounded off to the nearest number ending in 

five or zero (or to the nearest one hundred), this rounding off should be 

to a number larger than the number given in the table.  This will assure 

the retention of the specified consumer's protection, P(A) = .10 or less. 

Another point of practice that should usually be followed is that if a plan 

is not available for which the (t/p) x 100 ratio in the column heading 

matches closely the desired ratio, a plan should be selected from the column 

with the next sma.ler ratio value. By following this conservative practice' 

a confidence level of 90^ or greater will be maintained in assuring that 

the specific minimum reliable life has been met. On the other hand, if 

some acceptable ouality level must be guaranteed (a ratio or a reliable life 

for which pfA) t .95) and a matching ratio value is not available in the 

body of the tables, a plan with the next higher value should be used. If 

this is done, a \o*  with an acceptable reliable life will have P(A) 2 .95. 

One should also note that when plans with the desired ratios are not avail- 

able in the tables, interpolation may b<? employed between the listed sample 

sizes to find a new plan that does have more nearly the desired operating 
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characteristics.     Finally,   it should be noted that  testing of  sample   items 

for   lots That are to be rejected can be terniinatod after the acceptable 

number of  failures  hss  been exceeded.    The   lot   is  to be rejected and so 

further testing will   be of   little use unless  the sampling  inspection  data 

is  to be used to provide an estimate of  the process average for the product 

or   the vendor.     In  the   latter  case,   testing should  continue for  the   full 

period,  t. 

Example  (k) 

A sampling inspection plan for a product is required which will accept 

with a probability of .10 or less lots whose reliable life is MX) hours or 

less. In this application reliable life has been defined as the life beyond 

which 90^ of the items in the lot will survive (r = .90)- The user would 

also like to be able to assure the producer of the product that if the 

reliable life for a lot is 2,000 hours or more, the  probability of accept- 

ance will be high, say .95 or greater. A test period of 200 hours is to be 

employed. Through past experience with the product it has been established 

that the one-parameter exponential distribution applies for item lifelength, 

i.e., the Weibull distribution with the value for ß, the shape parameter, 

being I and for 7, the threshold parameter being 0. 

With these specifications for the sampling plan, 100 times the ratio of 

the test time, t, to the reliable life, p, is (200/1+00) x 100 or 50 at the 

unacceptable reliable life of hOO  hours for which P(A) S .10 has been speci- 

fied. At the acceptable reliable life of 2,000 hours the (t/p) x 100 ratio 

is (200/2,000) x 100 or 20.  An inspection plan meeting these ratio require- 

ments will be found in Table Jbk  which lists plans for ß = I and r = .90. 

Any plan in the fiflh column (headed 50) will meet the unacceptable reliable 

life specification.  0< the plans assigned to this column, the last one has 

a ratio value (in parentheses) of 20, the value required at the acceptable 
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reliable  life.    The plan  is thus to use a  sample size,  n, of  301  and an 

acceptance number,   c,  of   10. 

Example (3/ 

A plan has been specified for the acceptance inspection of a product 

which requires that a sample of 375 items be drawn from the lot and tested 

for 500 hours. I f no more than 7 items fail before the end of the test 

period, the lot is to be accepted; if more than this number fail, it is ro 

be rejected. Data from past inspection indicates a value for the shape 

parameter, ß, of f applies with the location parameter, 7, being 0.  The 

user of this plan would like to know Ahat its operating characteristics are 

in terms of reliable life, with reliable life being defined as the median 

life or the life beyond which pOjt of the items can be expected to survive. 

An answer may be found by inspection of Table 3a3 which tabulates plans 

for ß = f and r = .50. An examination of this table indicates a plan 1$ 

tabulated approximating the one to be used, the plan for c ■ 7 and n > 572. 

For this plan the (t/p) x 100 value for which F(A) S .10 is found (In the 

corresponding column heading) to be 1.0. By the substitution of the test 

period specified, 500 hours, for t in this ratio, one obtains 

(500/p) x 100 = 1.0 or p c 50,000 hours. Thus if the reliable life is 

50,000 hours or less, the probability of acceptance will be .10 or less. 

For this plan the ratio value at the acceptable reliable life is .19 (as 

shown by the number in parentheses under the sample size 572). By sucsti- 

tution of the specified value for t into the ratio, (500/p) x 100 = .19 or 

p B 263,000 hours is obtained. This is the reliable life for which -»-he 

probability of acceptance will be .95.. These two values for reliable life 

describe in a practical way the operating characteristics of the plan that 

has been speci f ied. 
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Example (6) 

For a sixth example consider a case for which an underlying Ray I elgh 

distribution can be assumed, i.e., a special Weibull distribution with the 

shape parameter, ß, equal to 2 and for which the threshold parameter, 7, 

equal to 1200 cycles. A plan is required for which the P(A) = .10 or less 

if the reliable life is 6,000 cycles or less with reliable life being 

defined as the life beyond which 99^ of the items will survive.  A test 

truncation time of 5>000 cycles seems reasonable and could be used.  The 

user would also like to know the effect of cutting the test time to 5>000 

cycles. 

In the selection of a plan reference must be made to Table 3c7 which 

tabulates plans for / = 2 and for r = .99.  The first step is to convert 

the specified values for t and p to relative valuas in terms of 7=0.  Thus 

t0 = 5,000 - 1,200 = 5,800 cycles and p  = 6,000 - 1,200 = 4,800 cycles. 

The i^0/P0) *   100 ratio is (3,800A,80ü) x 100 = 79 or approximately 80. 

Any plan in the column with this ratio heading in the table of plans will 

meet the rejectable quality level requirements.  One possibility is the plan 

for which n = 5'+9 and c = 0. This provides the minimum sample size that 

can be used. 

The proposal to cut the test time to 3,000 cycles may now be cons1 dorr r1, 

In this case t  = 5,000 - 1,200 = 1,800 cycles and P0 = 6,000 - 1,200 = 

4,800 cycles.  The (t0/p0) x 100 ratio is now (|,800A,800) x 100 = 58. 

The nearest ratio available in the table is U0.  In the column with this 

ratio heading, the best plan available (from the standpoint of sample size) 

is the one for which c = 0 and n = 1^00.  The penalty for reducing the test 

period is thus to increase the sample size from 31+9 fo 1400. 

5.5 Choice of Acceptance Number 

It will be instructive to compare the two possibilities discussed in 
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the above example in terms of the acceptable reliable life, the life for 

which P(A) C .95. For the first one for which c « 0, n = 5^9^ and 

+ = 5,000, the ratio at the AQ1. is 12 (as shown by the figure in paren- 

theses in the body of the table of plans).  Thus (tr/Po) 
x IC)0 = '2 or 

(5,800/p ) x 100 = 12 from which one determines that p- = 32,000 cycles. 

Converted back to absolute terms, p = p0 + 7 = 32,000 + 1,200 or 33,?GO 

cycles. This must be the reliable life if the lot is to have a high prob- 

ability of acceptance.  For the second possibility for which n = \k00, 

c = 0, and t = 3,000, the ratio at the AQL is 5.9- Thus (1,800/p ) x 100 = 

5.9 or p0 = 31,000 cycles. Converted to absolute terms, p = 31,000 + 1,200 

or 32,200 cycles which is approximately the same AQL requirement as for the 

first plan. Thus it should moke no difference to the producer which plan 

is used. These computations just rriade illustrate a unique feature of the 

Weibull plans for life and reliability testing; the ability of a plan to 

discriminate between good and bad lots depends on the size of the accept- 

ance number rather than on the size of the sample (as is the case for ordi- 

nary attribute sampling plans). For any given acceptance number (given somo 

value for ß) a nearly constant ratio will be found between the acceptable 

reliable life and the unacceptable reliable life regardless of the genera! 

level of these lives and regardless of the sample sizes specified.  This 

will also be the case regard loss of the value chosen for the proportion r 

that must survive. 

This point has been more fully discussed in the author's reports for 

15 2 k 
the Weibull mean life plans '  and "the Weibull hazard rate plans. '  Table 

k  of Reference I (or alternatively Table 3 of Reference 3) gives approxi- 

mate values for ^ QC/H IQ- These same ratios can be used for the reliable 

life plans presented here, that is, they can be used as p ni./p   .-  values. 
.95  • I u 

If both the acceptable reliable life with P(A) = .95 and the unacceptable 
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reliable life with P(A) = .10 are specified, use of this table of valueo 

will indicate at once what the acceplance number should be. This informa- 

tion provides a very helpful start in designing a plan to meet given need? 

In the above appli cation, for example, if an acceptable reliable life of 

53>OO0 cycles had been specified, p , q^)''^o(   \o)  = 3l,800/l+,8ü0 or 6.7. 

RefrrcMco to the table just riast'ribed .vou I d indicate that for ß r= 2, the 

acceptance number c would hnv« to be 0. Cn the other hand, if an accept- 

able reliable life of 12,000 cycles had tccr  specified instead (for which 

P0 = 12,000 - 1,200 or 10,800), the p^ O^-'/PQ/ |0\ ratio would be 

I0,800/4,800 or 2.2. Reference to the table would indicate the acceptance 

number must be 5. Reference again to Table 5c7 of this report would indi- 

cate the sample size must accordingly be 1,010 if the test period is to be 

6,000 cycles (in which case the t/p ratio is 80) or must be 4,050 if the 

test period is to be 5*000 cycles (in which case the t/p ratio is 40). 
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SECTION h 

LIFE TESTING TIME REQUIREMENTS TO ASSURE 
REQUIRED RELIABLE LIFE 

U.I The Tables of Li detesting Times 

For many reliability or lifelength evaluation appl icafiorts it may be 

most useful to employ an acceptance procedure of a form different than that 

outlined in the preceding section.  This is to simply determine the minimum 

test time required (for some specified or selected small acceptance number - 

which may be zero) to provide a high degree of confidence that the items 

in the lot or population meet the specified lifelength requirements. Such 

a procedure would seem to be particularly helpfui in the many cases cur- 

rently encountered for which item lifelength is relatively long and at the 

same time for which the sample lifetesting time must be relatively short 

for lot evaluation to be economically and chronologically feasible,  ror 

this reason the following tables of factors for easily determining the mini- 

mum lifetesting times required have been compiled. Factors have been deter- 

mined for each acceptance number from zero through five. 

Tables h-a,-b,-c  list in terms of multiples of the specified reliable 

life the minimum lifetesting times required to assure for accepted lots lot 

compliance with specifications. Reliable life is again defined as the life 

beyond which some specified proportion of the items in the lot can be 

expected to survive. Table U-a provides values for cases for which the 

proportion expected to survive is .50. Table h-b  provides values for cases 

for which the desired proportion surviving or the reliability index is .90; 

Table i+-c provides values for which the proportion or reliability index 

required is .99- 

In Table 5 are tabulated lifetesting times for use to make an evalua- 

tion in terms of mean item life. The values givvn are multiples of the 

required or specified mean item life that must be employed as sart^le 
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lifetesting times to assure lot or population compliance. Mean life is 

another alternative life-quality measure that may be useful in a wide variety 

of applicat ions. 

Within each of these tables, values will be found for seven different 

values for the shape parameter: ß * ^ fi I (the exponential case), 1-^, 

lö, 2 (the Rayleigh case) and 2^.  For each ß value, testing time values 

have been tabulated for acceptance numbers, c, of 0, I, 2, 3, '+, and 5- 

For each possible pair of c and ß values, testing tfmes are listed for 

sample sizes, n, of 10, 25, 50, 100, 250, 500, and 1000 items.  It is 

expected that these ranges of values for r, t>, c, and n wi I I encompass 

those values most commonly required in reliability and lifetesting practice. 

For cases for which values specifically required for n or ß are not listed 

but are within the range covered by the tables, interpolation may be 

employed to find the required minimum testing time provided one understands 

that only an approximation to the specified level of confidence (.95) wi 11 

be obtained. 

k.2  Use of the Tables 

The values tabulated in the body of Table l*-a,-b,-c are multiples of 

the specified reliable life (or specified mean life for Table 5) that must 

be used as a testing time for sample items to assure lot compliance with a 

confidence level of .95. H no more than the specified number of items, c, 

fail before the end of this testing time, it may be inferred, with this 

confidence level, that the reliable life (or, alternatively, the mean item 

life) for the lot is equal to or greater than the required or specified 

value. The meaning and use of these tables of values can be berter 

described through the several simple examples that follow. 

Example (7) 

A sampling inspection plan for acceptance is required for a certain 
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electronic component purchased fron ti'.ie to time in some quantity.  Past 

experimental ami   inspection data indicates the Weibull distribution applies 

as a lifelength model and that a value for the shape parameter, ß, of 

approximately^- and for the location parameter, 7, of 0 can be assumed. 

Each lot is to be evaluated in terms of a required reliable life of 2,000 

hours, with reliable life defined as the life beyond which 90^ of the items 

in the lot will .ive. That is, r is equal to .90. Testing facilities are 

available for testing 100 items at a time. The lot size and the costs of 

inspection per item are such that a sample of this size can be economically 

justified.  A decision on each lot should be reached as quickly as possible 

and for this reason the duration of the lifetesting time must be kept as 

short as possible. 

The necessary minimum lifetesting time is found by reference to Table 

4-b which lists values for r, the proportion that must survive beyond the 

rel iable I i fe, of .90.  Under the -..ec- ion of this table for ß = J, it is 

'cund that for an acceptance number, c,   of 0, the time must be .18 times 

the required reliable life.  Since this has been specified as 2,000 hours, 

the testing time must bo .18 x 2,000 or 56O hours.  The acceptance number, 

c, of 0 is used since the duration of the lifetesting time must be kept 

short; use of larger acceptance numbers will require longer testing times. 

Thus if 100 items are drawn at random from a lot and put under life 

test, and if no items fail before the end of ?60 hours, the lot may be 

accepted at that time as meeting the reliable life specification.  One may 

be 95^ confident that 90^ or more of the items in the lot will have a life 

of at least 2,000 hours. A slightly different way of expressing this is 

that one may be 95^ confident that the life beyond which 90^ of the items 

will survive is 2,000 hours or more. 
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Example (Q) 

A lifelength evaluation is to be made for a new source of supply for 

a product. A value of l-^- can be assumed for ß, the shape parameter, and a 

value of 0 for y,  the location parameter. For the supply of product to be 

suitable for use, the mean item life must be at least kOO  hours. Because 

of the unit cost of the item, the sample size should be kept small — 

preferably not over 25 items.  However, relatively long test times can be 

tolerated. For this reason an acceptance number of 5 together with the 

comparatively long test time that will be required will be used. It is 

expected that the more extensive test experience that will be accumulated wi I 

provide a better overall evaluation of the product. 

Examination of Table 5 which lists values for use in mean life evalua- 

tion indicates for ß = 1^-, n - 25, and 0 = 5 f^at the lifetesting time must 

be .62 times the required minimum mean life. Hence for the source of 

supply to be acceptable, no more than 5 items must fail before the end of 

.62 x 400 or 2kQ  hours. 

Example (9) 

For cases for which the location or threshold parameter, 7, -- the 

lifetime below which there is no risk of item failure — is greater than 

zero, the following procedure may be used:  (a) subtract the value for 7 

from the required reliable or mean life to get a converted value in terms 

of 7 « 0, (b) multiply this converted value by the factor selected from the 

table (in the usual way) to get a lifetesting time in converted terms, and 

(c) add the value for 7 to this testing time to get the required testing 

time in absolute terms.  The following example will illustrate this simple 

variation in technique. 

Consider an application for which the Rayleigh distribution or Wei but I 

distribution with a value of 2 for ß, the shape parameter, may be assumed. 
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Past experienct with the iten in question indicates a  value ior the thresh- 

old parameter, y,  of 3,000 cycles should be expected.  The sample size, n, 

is to be limited to I?0 items; the acceptance number, c, to I item. The 

minimum reliable life that can be tolerated is 5,000 cycles, with reliabil- 

ity index, r, equal to .99.  The minimum lifetesting time for sample items 

to assure lot compliance with 95^ confidence is required. 

Subtraction of the value for the location parameter from the required 

reliable life gives 5,000 - 3,000 or 2,000 cycles as a converted value for 

required reliable life.  From Table U-c in which time values for r = .99 

are tabulated, a value of 3.0 is found for ß = 2, n = 50, and c = I. The 

required testing time in converted terms is thus 3-0 x 2,000 or 6,000 

cycles. Addition of the value for y,   3,000 cycles, to this converted value 

gives 6,000 + 3,000 or 9,000 as the minimum number of cycles required in 

absolute or real terms. 

^.3 Choice of Sample Size and Acceptance Number 

The size of sample that will be most suitable for an application will 

depend on a number of factors.  One is the unit value of an item. If this 

is high and the usefulness of the item is impaired or destroyed by testing, 

the sample size will have to be relatively small. A related factor is the 

size of the lot.  If it is small and items are made useless by testing, the 

sample size must again be kept small for practical and economic reasons. 

Another factor in making a choice is the amount of lifetesting facilities 

available.  The sample size may have to be limited to the number of testing 

positions available. A fourth and important factor is the period of time 

available for conducting the life tests.  If a decision must be reached 

quickly because the items are urgently needed, the required test time may 

be minimized by employing a relatively large sample size. For many com- 

ponents currently in use, the required reliable or mean life is many 
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hundreds of thousands of hours. For these products sample sizes must of 

necessity be quite large; if not, the testing period required may be many 

months or years. Another and related factor is the unit-hour cost of 11 fe- 

tosting; this may be high because costly test facilities are required. In 

such cases the total unit-hours of testing must be minimized by suitable 

choice of sample size and test duration. In addition to the factors just 

listed, many other minor related factors may have to be considered such as 

the current availability of existing test facilities. 

No systematic method for determining the most economical or most satis- 

factor/ sample size is available at this timq. However, a somewhat reason- 

able decision may be made in most applications of the procedures described 

in this report by the use of some judgment together with some rough inspec- 

tion cost estimates for various alternatives. One may first examine the 

test time values tabulated in the tables for each of the sample sizes 

listed. Then by consideration of the costs — both those reducible to 

money terms and those not reducible -- associated with each item in the 

sample and the costs associated with each unit of required test time, one 

may determine, for example, that a sample as small as 10 or 25 items is 

clearly too small and that one of 500 or 1,000 is clearly too large and 

that one of 100 items is perhaps reasonably close to the "optimum" size. 

It should be noted at this point that nothing will be gained if one 

uses l«rge sample sizes in an attempt to obtain sharp discrimination between 

good and bad lots.  Sharp discrimination is obtained only by the employment 

of large acceptance numbers; the size of the sample is of little importance. 

One should note particularly (by examination of the tabulated values) 

that for small values for ß the choice of sample size is quite critical. 

Any increase in sample size, given some value for c, allows a very consider- 

able decrease in the required lifetesting time — a decrease far out of 
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proportion to the increase in sample size. Doubling the sample size may 

reduce the required test time to one-fourth or less of its former value, 

for example. This is not true, it may be noted, for large values for ß. 

A general rule to follow if one wishes to minimize item hours of testing 

is to use relatively large sample sizes when the value for ß is small and 

to use relatively small sample sizes when the value for ß is large. 

If in the application of these procedures the only costs of concern 

'ire  those associated with the lifetesting of sample items and with the 

acceptance, by chance,, of unsatisfactory lots, then a low acceptance num- 

ber — preferably 0 — should be used. This practice will minimize the 

sample sizes and lifetesting times required. At the same time one will 

obtain the specified confidence, 95^> that accepted lots or populations 

comply with the reliable Iife or mean life requirement. 

With this practice, however, only the consumer's risk is considered. 

The extent cf the producer's risk — which is the risk of rejecting accept- 

i | |   able lots — is ignored. Actually, the use of low acceptance numbers max- 

imizes this risk. The reliable Iife or mean life for a lot may have to be 

many times the life specified if there is to be a reasonable probability 

of acceptance. This will be true even if quite large sample sizes sre 

employed. For Weibull sampling-inspect ion procedures of the form used in 

this report, the abilit/ of a selected plan to discriminate sharply between 

acceptable and unacceptable lots depends almost entirely on the magnitude 

of the acceptance number; the size of the sample will make little, if any, 

difference. The larger the acceptance number the better the ability to 

discriminate, that is, the steeper the slope of the operating-characteristic 

curve. This is contrary to what can be expected from inspection plans of 

the usual attribute form for which the slope of the operating-characteristic 

curve depends primarily on the sample size and relatively little on the 
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magniturte of the acceptance number. 

Thus if there is concern for t(,e producer's  isk tind it lb important 

to avoid rejecting an undue number of acceptable lots, larger acceptance 

nunters must be used even though longer lifetesring times than for smaller 

numbers will be required.  However, good discrimination between acceptable 

and unacceptable lots can be obtained only through an adequate amount of 

inspection and this inspection must be obtained in this way.  The use of 

larger acceptance numbers is particularly important for small values of ß. 

It becomes relatively less important for large ß values. 

To provide some guidance in the selection of acceptance numbers, a 

table of ratios, Table 6, has been provided.  Each value tabulated is the 

ratio between the reliable life for which the probability of acceptance is 

.95 (symbolized by L „) and the reliable life for which the probability of 

acceptance is .05 (symbolized by L nc).  For each value of ß, the ratios of 

two reliable lives are independent of their equal reliability inaex r and 

are also equal to the corresponding ratios of two mean lives.  This latter 

life, L ftc}  one should note, is the "specified reliable life" or the 

"specified minimum mean life" used in determining the minimum lifetesting 

times through the procedures and tables presented in this report.  (The 

selection of a plan that provides a confidence level of 95^ that the life 

requirement for the lot or population has been met provides, in effect, a 

consumer's risk of .05. That is, if the reliable life or mean life is 

precisely at the specified value, the probability of acceptance is .05.) 

To find the value for reliable life or mean life necessary to assure a high 

probability of acceptance, one need simply to multiply the specified life, 

L -,.> by the appropriate ratio from Table 6. This use of the ratios will 

be illustrated in the example that follows.  It should be noted that the 

ratios in this table apply for all sample sizes, for all equal values of 
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the reliability index, r, and for minimum mean life applications as well as 

those for reliable life. 

Example (10; 

A plan is required for the acceptance inspection of a mechanical com- 

ponent. A value for ß of if and for 7 of 0 can be assumed. Assurance is 

required that the reliable life for each lot will be at least 100 hours with 

the proportion surviving, or reliability index, r, being .90.  A sample size 

of 250 items has been specified.  It is also desirable that the probability 

of acceptance be high for lots whose reliable life is around kOO  hours. 

The ratio L Q1-/L nc is UOO/100 or k.     Reference to Table 6 indicates 
.■7?  «"5 

for ß = If 0 ratio of U.7 for c = I and of 3> for c = 2 (these are the 

nearest values that can be found to the desired value of h).     With the use 

of I as the acceptance number the lifetesting time must be .56 x 100 or 56 

hours (the factor ,36 is obtained in the usual way from Table k-b  which 

gives values for r = .90). The reliable life for a lot must be U.7 x 100 

or 1+70 hours or more if the probability of acceptance is to be .95 or more. 

With the use of 2 as the acceptance number, the testing time must be 

.U5 x 100 or UJ hours; the reliable life must be 3.U x 100 or 3^0 hours to 

provide a probability of acceptance of .95. A choice can accordingly be 

made between these two alternatives for c. 
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TABLE 1 

Table of Values for (t/p) x 100 .50 

p' it) Shape Parameter - ß 

1/3 1/2 2/3 1 

.014 

11/3 

.130 

1 2/3 

.496 

2 

1.20 

2 1/2 

2.91 

3 1/3 

7.04 

4 

10.9 

5- 

.010 17.0 

.012 .017 .152 • 554 1.32 3.13 7.44 11.5 17.7' 

.015 .022 .177 .632 1.47 3.42 7.95 12.1 18.5 

.020 .028 .220 .7'»5 I.69 3.81 8.63 13.0 19.5 

.085 .001 .036 .263 .860 1.90 4.20 9.27 13.8 20.5 

.030 .001 .043 .299 .960 2.08 4.52 9-79 1U.4 21.2 

.oko .001 .058 .372 1.14 2.40 5.06 10.7 15.5 22.5 

.050 .002 .072 .441 1.30 2.69 5.54 11.4 16.4 23.5 

.065 .003 .094 .536 1.52 3.06 6.15 12.4 17.5 24.8 

.080 .004 .115 .623 1.73 3.40 6.68 13.1 18.4 25.8 

.10 .005 .141* .742 1.98 3.80 7.31 14.0 19.5 27.0 

.12 .007 .173 .849 2.20 4.16 7.86 14.8 20.4 28.0 

.15 .010 .216 1.01 2.52 4.65 8.59 15.9 21.6 29.3 

.20 .001 .015 .289 1.25 2.99 5.37 9.64 17.3 23.2 31.0 
• 25 .001 .022 .361 I.47 3.42 6.01 10.5 18.5 24.5 32.5 

• 30 .002' .028 .433 1.68 3.82 6.58 11.3 19.5 25.6 33-7 
.ko .003 .044 • 579 2.10 4.54 7.6l 12.7 21.3 27.6 35.7 
• 50 .005 .061 • 723 2.49 5.19 8.50 13.9 22.8 29.2 37-3 
.65 .009 .091 .941 3.01 6.08 9.70 15.5 24.7 31.1 39.3 
.80 .013 • 125 1.16 3.53 6.89 10.8 16.8 26.2 32.8 41.0 

1.0 .021 .175 1.45 4.18 7.88 12.0 16.4 28.1 34.7 42.9 
1.2 .001 .030 .230 1.74 U.78 8.80 13.2 19.8 29.7 36.3 44.5 
1.5 .001 .048 .322 2.18 5.66 10.1 14.8 21.6 31.7 38.4 46.5 
2.0 .002 .085 .497 2.91 7.04 12.0 17.1 24.3 34.6 41.3 49.3 
2.5 .005 • 133 .698 3.65 8.35 13.7 19.1 26.6 37.0 43.7 51.6 

3.0 .008 .193 .921 4.39 9.61 15.3 21.0 28.6 39.2 45.8 53.5 
1   U.O .020 .3^7 1-43 5.89 12.0 18.3 24.3 32.2 42.8 49.3 56.8 

5.0 .OUl .5^8 2.01 7.fco 14.1 21.0 27.2 35.3 45.8 52.1 59.'* 
6.5 .091 .9^0 3.02 9.70 17.4 24.7 31.1 39.3 49.7 55.8 62.7 
8.0 .174 1.U5 4.17 12.0 20.4 28.1 34.7 42.9 53.0 58.9 65.5 

;10 • 351 2.31 5-92 15.2 24.3 32.3 39.0 47.1 56.8 62.4 68.6 
{12 .627 3.^0 7.92 18.4 28.1 36.3 42.9 50.8 60.2 65.5 71.3 
'15 1.29 5.50 11.4 23.4 33-7 41.9 48.4 56.0 64.7 69.6 74.8 
.20 3.3^ 10.u I8.3 32.2 42.7 50.7 56.7 63.6 71.2 75.3 79.7 
i2$ 
[ 

7.15 17.2 26.7 41.5 51.8 59.0 64.4 70.3 76.8 80.3 83.9 

30 13.6 26.5 36.9 51.5 60.8 67.1 71.7 76.7 81.9 84.7 87.6 
ko Uo.o 5U.3 63.3 73-7 79.7 83.3 85.9 88.5 91.2 92.7 94.1 

\y> 100 100 100 100 100 100 100 100 100 100 100 
65 347 229 186 151 136 128 123 118 113 111 109 
80 1250 539 354 232 188 166 152 140 129 124 118 
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TABLE 1 

IP'  (*)1 
_)  

1/3 1/2 

Table of Values for (t/p) x 100 r • .90 

Shape Parameter - ß J 
2/3 1        11/3      1 2/3       2       2 1/2    3 1/3    ^        5      . 

.010 .003 .095 .5^2 1.54 3.08 6.18 12.4 17.6 24.9 

.012 .00J .nk .621 1.71 3.38 6.65 13.1 18.4 25.8. 

.015 .005 .i^ .732 1.96 3.T7 7.27 14.0 19.4 27.0, 

.020 .008 .190 .911 2.33 4.36 6.15 15.3 20.9 28.6 

.025 .001 .012 .237 1.06 2.66 4.87 6.92 16.3 22.1 29.9 

.030 .001 .015 .285 1.23 2.99 5.34 9.59 17.2 23.1 31.0 

.0i*0 .001 .023 .380 1.53 3.53 6.16 10.6 16.6 24.8 32.6 

.050 .002 • 033 .^75 1.80 4.03 6.89 11.6 20.1 26.2 34.3 

.065 .00k .048 .617 2.20 4.72 7.85 13.1 21.7 28.0 36.I 

.080 .006 .066 .759 2.57 5.35 8.71 14.2 23.: 29.5 37.7 

.10 .009 .092 .9^9 3.0U 6.12 9.74 15.5 24.7 31.2 39-4 
,12 .ou .121 1.1U 3.49 6.82 10.7 l6.7 26.1 32.7 ko.9 
.15 .020 .170 1.^2 4.12 7.80 11.9 I8.3 27.9 34.5 42.7 
.20 .001 • ^ .262 1.90 5.12 9.27 13.8 20.5 30.5 37.1 45.3 
.25 .001 .06 .365 2.37 6.04 10.6 15.4 22.4 32.6 39.2 47.3 

.30 .002 .081 .U80 2.85 6.93 11.6 16.9 24.1 34.4 41.1 49.I 

.U0 .006 .1U5 .7U3 3.81 6.62 14.1 19.5 27.1 37-5 44.2 52.0 
• 50 .Oil .226 l.OU U.76 10.2 16.1 21.8 29-5 40.1 46.7 54.4 
.65 .02U .383 1.5^ 6.19 12.4 18.8 24.9 32.9 43.4 49.9 57.3 
.80 .Ohh .581 2.0U 7.62 14.5 21.3 27.6 J5.7 46.2 52.5 59.6 

1.0 .067 • 910 2.95 9.3k 17.2 24.4 30.9 39.1 49.4 55.6 62.5 
1.2 .150 i.31 3.88 11.5 19-7 27.2 33-8 42.0 52.2 58.2 64.6 
1.5 .2Q5 2.06 5M Ik.z 23.3 31.2 37.9 46.0 55-6 61.5 67.8 
2.0 .705 3.68 8.U0 19.2 29.0 37.1 43.8 51.6 60.9 66.2 71.9 i 
2.5 1.39 5.78 11.8 2U.0 34.3 42.5 49.0 56.5 65.2 70.0 75.2 

3.0 2.U2 8.36 15.5 28.9 39.4 47.5 53-8 60.9 66.9 73.3 78.0 
u.o 5.82 15.0 2k.1 38.7 49.1 56.6 62.2 66.4 75.2 78.9 82.71 
5.0 11.5 23.7 3k.O U8.7 58.3 64.9 69.8 75.0 80.6 83.5 66.6 
6.5 26.0 ^0.7 50.9 63.8 71.4 76.4 79.9 63.6 87.4 89.4 91.4 
8.0 ^9.6 62.6 70.U 79.1 83.9 86.9 89.O 91.0 93-2 94.3 95.4 

10 100 100 100 100 100 100 100 100 100 100 100' 
12 179 1U7 1-ik 121 116 112 110 106 106 105 104: 
15 367 238 192 15k 138 130 124 119 114 111 109 
20 950 hk9 308 212 176 157 146 135 125 121 116 
25 2030 7k6 451 273 213 183 165 149 135 129 122, 

30 3680 1150 623 339 250 208 184 I63 144 136 128! 
ho 2350 1,070 485 326 258 220 188 l6l 148 137 
50 U330 1,690 658 4lC 310 257 213 176 160 146! 
65 993Ö 3,150 996 562 397 316 251 199 178 158 
80 5,970 1,530 774 513 391 296 227 198 173 
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TABLE 1 

Able of Values for (t/p) x 100 • 99 

p- (*) Shape Parameter - ß 

1/3 l/3^ .. .2/y 1 1 1/3 1 2/3 2 2 1/2 3 1/3 4 5 

.010 .010 .100 .995 3.15 6.29 9.98 15.8 25.1 31.6 39.8 

.012 .Oik .131 1.19 3.61 7.02 10.9 17.0 26.5 33.1 41.3 

.015 .022 .182 1.49 4.26 6.02 12.2 18.6 2S.3 34.9 43.1 

.020 .001 .0U0 .281 1.99 5.30 9.50 14.1 20.8 30.9 37.6 U5.6 

.025 .002 .062 .392 2.k9 6.26 10.9 15.8 22,8 33.0 39.7 1*7.8 

.030 .003 .089 .516 2.99 7.18 12.2 rr.3 2k.3 34.9 41.6 49.5 

.oko .006 .158 .794 3.98 8.91 14.5 20.0 27.5 38.O 44,7 52.5 
1     .050 .012 .2U8 1.11 k.96 10.5 16.5 22.3 30.1 4o.7 47.2 54.9 

.065 .027 .418 1.64 6.47 12.8 19.3 25.4 33-4 44.0 50.4 57.8 
|     .080 .050 .63^ 2.25 7.96 15.0 21.9 28.2 36.3 46.8 53.1 60.3 

.10 .099 • 990 3.14 9.95 17.7 25.0 31.5 39.7 50.0 56.2 63.O 

.12 .170 1.43 4.12 11.9 20.3 27.9 34.6 42.7 52.9 58.8 65.4 
• 15 •333 2.23 5.76 14,9 24.0 31.9 38.6 46.7 56.5 62.2 68.1* 
.20 .788 3.96 8.89 19.9 29.8 38.O 44,6 52.4 61.6 66.8 72.4 
.25 1.54 6.19 12.4 24.9 35.2 43.4 49.9 57-3 65.9 70.6 75.7 

.30 2.66 8.91 16.3 29.9 40.4 48.4 54.6 61.7 69.58 73.9 78.5 

.40 6.35 15.9 25.2 39-9 50.2 57.6 63.2 69.2 75.9 79.5 83.2 
• 50 12.h 24.8 35-2 49.9 59.3 65.9 70.6 75.7 81.2 84.0 87.0 
.65 27.3 42.1 52.2 64.9 72.3 77.1 80.6 84,1 87.8 89.8 91.7 
.80 51.0 63.8 71.4 79.9 84.5 87.4 89.1» 91.4 93.5 94.6 95.6 

1.0 100 100 100 100 100 100 100 100 100 100 100 
1.2 173 144 132 120 115 112 110 108 106 105 104 
1.5 3U0 226 184 150 136 128 123 118 113 111 109 
2.0 812 404 285 201 169 152 142 132 123 119 115 
2.5 1600 635 400 252 200 174 159 145 132 126 120 

3.0 2780 919 528 303 230 195 174 156 140 132 125 
U.O 6700 1,650 818 406 286 232 202 175 152 142 132 
5.0 2,600 1,150 510 339 266 226 192 163 150 139 
6.5 U,470 1,730 669 416 313 259 214 177 161 11*6 
8.0 6,880 2,390 830 489 356 288 233 189 170 153   i 

10 3,390 1,050 582 410 32k 256 202 160 160  . 
12 4,540 1,270 673 460 357 277 214 189 166   1 
15 6,500 1,620 806 531 4at 305 231 201 175 
20 2,220 1,020 642 471 lk6 25k 217 186 
25 2,860 1,240 748 535 383 274 231 196 

30 3,550 1,450 851 596 417 2<>2 244 204 
ko 5,080 1,900 1060 713 481 325 267 219 
50 6,900 2,390 1270 831 544 356 288 233 
65 3,270 1630 1,020 642 403 320 253 
60 4,500 2100 1,270 762 458 356 276 
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TABLE 2 - a 

THble of Values for p' (*) r - .50 

(t/p) x 100 Shape Parameter - ß 
1 

.. 1/3" 1/2 2/3 1 1 1/3 1 2/3 2 2 1/2 3 1/3 4 5 

.010 3-17 .691 .11*9 .007 

.012 3.36 .757 .166 .006 

.015 3.62 .bk6 .195 .010 

.020 3-97 .975 .237 .014 .001 

.025 U.27 1.09 .275 .017 .001 

.030 '♦•53 1.19 .310 .021 .001 
1 

OkO k.96 I.38 • 376 .028 .002 1 

.050 5-35 1.5k .1*36 .035 .003 

.065 5.83 1.75 .516 .0U5 .001* 

.080 6.23 1.9k .596 .055 .005 

.10 6.70 2.17 .691 .069 .007 
1 

.12 7.10 2.37 .779 .083 .009 

.15 7.63 2.65 .90l* .101* .012 .001 

.20 8.36 3.05 1.09 .139 .017 .002 

.25 8.98 3M 1.27 .173 .021* .003 

.30 9.51 3-73 1.1*3 .202 ,030 .004 

.i*0 10.u U.29 1.73 .277 .OUJ* .007 .001 

.50 11.2 ^.79 2.01 .31*7 .059 .010 .0«? 

.65 12.1 5.U 2.39 .1*50 .081* .015 .003 

.80 12.9 6.01 2.71* .551» .110 .022 .004 

l.o 13.9 6.70 3.17 .691 .11*9 .032 .007 
1.2 I**.7 7.31 3-57 .619 .190 .01*3 .010 .001 
1.5 15.7 8. lit k.ll 1.03 .256 .063 .016 .002 
2.0 17.2 9.3'* k.96 1.38 .376 .102 .028 .004 
2.5 I8.3 10.U 5-75 1.72 .505 .148 .043 .007 

3.0 19.h 11.i 6.1*7 2.06 .61*1* .207 .062 .011 
k.O 21.1 12.9 7-79 2.7I* .91*1* .324 .111 .022 .001 
5.0 22.5 Ik.k 8.96 3-1*1 1.27 .469 .173 .039 .003 
6.5 2U.3 16.2 10.6 1*.1*1 1.80 .7:0 .293 .075 .006 .001 
e.o 25.6 17.8 12.1 5-39 2.36 1.02 .443 .125 .015 .003 | 

10 27-5 19.7 13.9 6.70 3.17 1.48 .691 .219 .032 .007 i 

12 29.0 21.3 15-5 7.98 It.02 2.00 .9^4 .3*5 .059 .015 .001I 
15 30.8 23.5 17.8 9.88 5-37 2.99 1.55 .605 .124 .035 .006 
20 33-3 26.7 21.1 12.9 7.79 4.63 2.74 1.23 .321* .111 .022 
25 35^ 29-3 2U.1 15.9 10.3 6.45 4.24 2.14 .680 .271 .068 

30 37.1 31.6 26.6 18.8 13.0 8.90 6.05 3.36 1.25 .560 .168 
uo UO.O 35.3 31.1* 21*.2 18.5 14.0 10.5 6.78 3.22 1.76 .698 
50 U2.3 38.7 35.1* 29-3 2U.0 19.6 15.9 11.5 6.65 h.2k 2.14 
65 »»5.1 1*2.8 1*0.6 36.3 32.3 26.7 25.1* 21.0 15.2 11.6 7.73 
80 kj.k U6.2 U5.0 1*2.6 1*0.2 38.O 35.8 32.8 28.1 24.7 20.3 

100 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 
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TABLE 2 . b 

  Table 0 

8h«, 

f Valuas 

pe fmrtm 

1 1/3" 

for p' 

»ter - P 

1 2/3_ 2 

_ r ■_ 

2 1/2 3l/3 

. ,  —  .     , 

(t/p) x 100 

1/3 1/2 " 
1 2/3 1 

.001 

4 5^ 

.010    1 .H90 .105 .022 

.080    ' .611» .1U9 .036 .002 

.030   1 .703 .162 .OU7 .003 

.oko   . .773 .211 .057 .oou 

.050   1 .833 .236 .066 .005 

.065  1 .909 .269 .079 .007 

.080   1 .973 .298 .091 .008 

.10 1.05 .333 .105 .011 .001 

.12 1.11 • 365 .119 .013 .001 
• 15 1.20 .i»08 .138 .016 .002 
.20 1.32 .U70 .167 .021 .003 
.25 1.U2 .526 .191» .026 .ooi» 

.30 1.51 • 576 .219 .032 .005 

.ko 1.66 .66k .265 .042 .007 .001 

.50 1.79 .7U3 .308 .053 .009 .001 

.65 1.95 .8^ • 367 .068 .013 .002 

.80 2.09 .93? .1*21 .081* .017 .003 

1.0 2.2U 1.05 .»»88 .105 .022 .005 .001 
1.2 2,38 1.15 .551 .126 .029 .007 .001 
1.5 2.37 l.!>8 .638 .158 .039 .009 .002 
2.0 2.62 IM .773 .211 .057 .015 .004 
S.5 3-03 1.65 .897 .263 .077 .022 .006 .001 0 
3.0 3.22 1.81 1.01 .316 .098 .030 .009 .002 

1 

u.o 3.5^ 2.09 1.22 .420 .144 .049 .017 .003 
5.0 3.81 2.33 1.42 .526 .194 .071 .026 .006 
6.5 5.15 2.65 1.69 .683 .275 .111 .044 .011 .001 
8.0 UM 2.9k 1.94 .840 .363 .15* .067 .019 .002 

10 U.72 3.28 2.2k 1.05 .488 .227 .105 .023 .005 .001 
12 5.07 3.58 2.53 1.26 .621 .307 .151 .052 .009 .002 
15 5M u.oo 2.9k 1.57 .837 .kk6 .237 .092 .019 005 .001 
20 5.96 U.60 3.54 2.09 1.22 .718 .421 .188 .049 .017 .003 
25 6.42 5.13 u.io 2.60 I.65 1.04 .656 .329 .104 .041 .010 

30 6.81 5.6l U.6I 3.11 2.09 1.40 .944 .518 .190 .085 .026 
ko TM 6.J»5 5.56 4.13 3.06 2.26 I.67 1.06 .496 .270 .108 
50 6.02 7.18 6.k2 5.13 4.10 3.26 2.6o 1.84 1.04 .657 • 329 
65 6,72 8.1U 7.60 6.62 5.76 5.01 4.35 3.53 2.47 1.86 1.21 
60 9.32 8.99 8.68 8.09 7.53 7.01 6.52 5.85 4.88 4.22 3.39 

100 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
120 10.6 10.9 11.2 11.9 12.6 13.3 14.1 15.3 17.6 19.6 23.1 
150 11.u 12.1 12.9 14.6 16.6 18.7 21.1 25.2 3^.4 41.3 SS.1 
200 12.U 13.8 15.U 19.0 23-3 .1.- .>•..•♦ *H.> ü;>.<♦ 0l.> 



TABLE 2 

Table of Values for p'  (*) r •  .99 

(t/p) x 100 Shape Par« iseter - ß 

1/3 'l/2 2/3 

.002 

1 _ _l_l/3 1 2/3 2 2 1/2 3V3 4 __.5_ 
.010 .OUT .010 
.020 .059 .014 .003 
.OkO    ' .OJk .020 .005 
.080 .093 .028 .009 

.10 .101 .032 .010 .001 

.20 .127 .0l»5 .016 .002 

.40 .159 .064 .025 .004 .001 

.80 .201 .090 .040 .008 .002 

1.0 .216 ,101 .047 .010 .002 
1.2 .230 .110 .053 .012 .003 
1.5 .21*8 .123 .061 .015 .004 .001 
2.0 .273 .142 .074 .020 .005 .001 
2.5 .294 .159 .086 .025 .007 .002 

1 
3.0 .312 .174 .097 .030 .009 .003 .001 
k.o .344 .201 .118 .040 .014 .005 .002 
5.0 .370 .225 .136 .050 .019 .007 .003 
6.5 .404 .256 .163 .065 .026 .010 .004 .001 
8.0 Mi .284 .187 .080 .035 .015 .006 .002 

10 .465 .318 .217 .101 ,047 .022 .010 .003 
1       12 .495 .347 .245 .121 ,060 .029 .014 .005 .001 

15 .533 .388 .285 .151 .080 .043 .023 .009 .002 .001 
20 .586 .448 .344 .201 .118 .069 .040 .018 .005 .OOP 
25 .631 .502 .399 .251 .158 .100 .063 .031 .010 .004 .001 

30 .671 .548 .449 .302 .202 .135 .090 .049 .018 .006 .002 
UO .738 .634 .5*5 .401 .296 .218 .161 .101 .047 .026 .010 
50 .795 .709 .632 .502 .399 .316 .251 .177 .099 .063 .031 
65 .867 .807 .752 .651 .565 .489 .424 ,342 • 239 .179 .117 
60 .929 .895 .863 .801 .744 .691 .641 ,574 .476 .411 329 

100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
120 1.06 1.10 1.13 1.20 1.27 1.35 1.44 1.57 1.83 2.06 2.47 
150 1.14 1.22 1.31 1.50 1.71 1.96 2.24 2.73 3.81 4.96 7.35 
200 1.26 1.41 1.58 2.00 2.50 3.14 3.94 5.53 9.57 14.9 27.5 
250 1.36 1.58 1.83 2.48 3.35 4,52 6.09 9.45 19.2 32.5 62.5 

1 
300 1.44 1.73 2.07 2.97 4.26 6,08 8.65 14.5 32.4 55.6 91.3 
400 1.58 1.99 2.50 3.94 6.18 9.63 14.9 27.5 64.0 92.4 
500 1.70 2.22 2.90 4.90 8.23 13-7 22.2 43.0 88.3 
650 1.86 2.53 3.44 6.32 11.5 20.4 34.6 66.1 
800 1.99 2.80 3.94 7.73 14.9 27.5 47.4 83.8 

1000 2.14 3.13 4.56 9.«56 19.5 37.3 63.4 
1500 :.45 3.82 5.93 LI .V 31.1 60.0 89.6 
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Table 3al 

Sampling Plane for ß = 1/3, r = .50 

c 

1 
(t/p) x 100 Ratio for which P(A) = .10 (or less) 

100 50 25     10 5.0 2.5 1.0    .50    .25 .10 .05 .025 .010 

0 k 5 6        8 10 12 16        20        25 3k k2 53 72 

1 7 
(.05 

6 
) (.03 

10     13 
) (.01) (.01) 

16 20 27       3k       k2 57 72 90 122 

2 9 
(.32 

11 
) (.16 

1J*    18 
) (.08) (.03) 

22 
:.02) 

28 
[.01) 

37       k6       58 78 98 123 168 

3 12 
(.66; 

Ik 
1 (.38; 

17     23 
1 (.21) (.08) ( 

28 
>.ok) 

35 
;.o2) 

kl       58       73 
[.01) 

98 123 156 211 

k 1U 
(l.V 

17 
) (.68 

21        27 
) (.3M i-lk) ( 

3k 
:.o7) 

k2 
:.03) 

56       70       87 
(.01) (.01) 

118 Ikö 187 252 

5 17 
(1.8: 

20 
1 (1.0 

2k       32 
) (.55) (.21) 1 

39 
MD 

k9 
:.05) 

65        81      102 
(.02) (.01) 

137 173 217 293 

6 19 
(2.7: 

23 
1 (1.3; 

28       36 
I (.70) (.29) ( 

k5 
.Ik) I 

56 
:.07) ( 

Ik       92      115 
:.o3) (.01) (.01) 

157 197 247 332 

7 21 
(3.5; 

26 
1 (1.7 

31       kl 
) (-90) (.36) 1 

50 
'.19) ( 

62 
.09) 

82   103   129   176 
[.04) (.02) (.01)  (.01) 

220 276 371 

8 2k 28 
1 (2.31 

3^      ^5 
) (l.l) iM) 1 

56 
1.22)  ( 

69 
•n) 

91     113     1^3 
[.05) (.02) (.01) 

194 2U3 304 410 

9 26 
(M; 

31 
' (2.7; 

38      49 
1 (1.3) (.50) ( 

61 
.25)  1 

75 
'.13) ( 

100      124      158 
:.o5) (.03) (.01) 

212 266 333 448 

10 

1- 

30 35 
(2.7] 

kl       56 
(1.3) (.50) ( 

68 
.25) ( 

8U 
.13) ( 

in  138   172 
,.05) (.03)  (.01) 

230 288 361 486 

(t/p) x 100 ratios in parentheses are for p(A) =  .95 (or more) 
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100 50 

Oj    U 5 
(.03) (.02 

I1    7 9 
1     i(.62) (.37 

2|    9       12 
1(2.2) (1.1 

3| 12       16 
(3.6) (1.9 

: k 

I 5 

! 6 

7 

8 

lU 19 
(5.8) (2.8 

17 22 
(6.9) (3.7 

19 25 
;   i(9.i) (M 

21 28 
(11) (5.6 

2k 31 
(12) (6.5 

i 9| 26 3k 
(13) (7.3 

10   30 38 
(13) (7.3 

(t/p) 

25 

Table 3a2 

Saaipll-Q« Plane for ß = 1/2,  r =  .50 

n 

x 100 Ratio for which P(A) =  .10 (or less) 

10        5.0      2.5      1.0      .50      .25      .10    .050 .025   .010 

11 15 21 
) (.01 

12 
) (.20 

19 
) (.07) 

26 
(.04) 

36 
(.02) 

57 
(.01) 

80 

17 
) (.55 

26 
) (.22) 

36 
Mi) 

50 
(.06) 

78 
.02) 

110 
(.01) 

21 
) (1.0 

32 
I (A2) 

45 
;.2i) 

63 
:.ic) 

98 
,6k) 

139 
(.02) ( 

26 
) (1.^ 

39 
1 (.59) 

5k 
:.3o) i 

75 
:.i5) 

118 
:.o6) 

167 
:.03) ( 

30 
) (1.9; 

k5 
) (.79) 

63 
:.39) ( 

87 
.20) < 

137 
.08) ( 

194 
..ok) ( 

3k 
) (2.31 

51 
(1.0) ( 

71 99 
(.25) ( 

157 
.09) 

220 
:.o5) ( 

38 
) (2.8^ 

58 
) (1.1) 

80 
:.56) 

111 
:.29) i 

176 
.ID ( 

2U6 
.05) ( 

k2 
) (3.2] 

61+ 
1 (1.3) ( 

88 
..65) 

123 
:.33) ( 

19k 
.12) ( 

271 
:.o6) ( 

k6 
) (3.6] 

70 
(i.M 

96 
'.73) ( 

nk 
.37) < 

212 
.iM 

297 
(.07) ( 

51 
) (3.6' 

77 
UM 

107 
.73) ( 

iw 
.37) < 

230 
.15) ( 

322 
..08) ( 

3k       1+7        67      105     150   212    33k 

113     180    253   357   563 

156     245     ik6   488   770 

(t/p) x 100 ratios in parentheses are for ?{,\) = 

196 
.01) 

308 434   613   967 1 

234 
.01) 

368 519   733 1160 i 
1 

272 
.02) 

427 
(.01) 

602    851 1340 
1 

309 
.cc) 

485 
(.01) 

684   966 1530 ! 

345 
.03) 

542 
(.01) 

764 1080 1700 

1 
381 
.03) 

599 
(.01) 

844 1190 1880 1 
1 

417 
.03) 

655 
(.01) 

923 1300 2060 
1 

452 
.04) 

711 
(.01) 

1000 i4io 2230 1 

A)  = .95 (or more) 
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Table  3a 5 

Sampling Plans for ß = 2/3, r = .50 

n 

c (t/p) x 100 Ratio for which P (A)  = .10 (or less) 

100 50 25 10 5.0     2.5       1.0 • 50 .25      .10    .05      .025    .010 

0 k        6 
(.25) (.13) 

9 
(.07 

16 
) (.03 

25       39         72 
) (.02) (.01) 

114 182     334     :29     838 1,550 

1 7       10 
(2.2) (1.2) 

15 
(.68 

27 
1 (.27 

42       66       122 
) (.13) (.07) (.03) 

194 
(.01) 

307      563     893 1,420 2,610 
(.01) 

2 9        I'* 
(5.6) (2.7) 

21 
(1.5 

37 
1 (.60 

58      91      168 
) (.30) (.15) (.06) 

265 
[.03) 

419     771 1,220 1,940 3,580 
(.01) 

3 12       17 
(8.2) (U.5) 

26 
(2.3: 

47 
I (.93 

73     115      211 
) (.47) {.29) (.09) 

333 
(.04) 

526 967 1,530 2,430 4,490 
(.02)  (.01) 

k 14 
(n) 

21 
(5.8) 

31 
(3.1] 

56 
(1.2 

87     137      253 
) (.62) (.31) (.12) 

398 
(.06) 

630 1,160 i,84o 2,910 5,370 
(.03) (.01) 

5 17 
(13) 

2k 
il.k) 

37 
(3.6. 

65 
1 (1.5 

102      162       293 
1 (.75) (.36) (.15) 

462 
[.07) 1 

731 1,340 2,130 3,380 6,230 
(.03) (.01) (.01) 

6 19 
(16) 

28 
(8.4) 

42 
(4.1] 

74 
(1.7] 

115     184      333 
1 (.89) (.43) (.17) ( 

524 
.09) ( 

83O 1,520 2,420 3,830 7,070 
(.04) (.02) (.01) 

7 21 
(19) 

31 
(9.5) 

47 
(4.7] 

82 
(2.0] 

129     205       372 
) (1.0) (.48) (.19) ( 

586 
.10) ( 

927 1,710 2,700 4,280 7,900 
.05) (.02) (.01) 

8 2k 
(20) 

34 
(10) 

52 
(5.2] 

91 
(2.2] 

143     226      410 
1 (1.1) (.54) (.21) ( 

64?   ] 
.10) ( 

L,030 1,880 2,980 4,730 8,720 
.05) (.02) (.01) 

9 26 
(21) 

38 
(10) 

57 
(5.4] 

100 
(2.3] 

159     248       448 
(1.1) (.58) (.23) ( 

707   ] 
.11) ( 

L,120 2,060 3,260 5,170 9,540 
.06) (.02) (.01) (.01) 

10 30 
(22) 

44 
(10) 

64 
(5.5] 

111 
(2.3] 

172     268      487 
(1.2) (.63) (.25) ( 

767   ] 
.12) ( 

L,220 2,230 3,540 5,610 
.06) (.02) (.01) (.01) 

(t/p) x 100 ratios in parentheses are for P(A) = .95 (or more) 

-58- 



Table 3aU 

Sampling Plans for ß = 1, r «  .50 

(t/p) x 100 Ratio for which P(A) » .10 (or less) 

100     50 25 15 10     5.0     2.5       1.5     1.0     .50      .25      .15 .10 

0 

1 

2 

3 

k 

5 

6 

7 

B 

9 

10 

(1.8) 

7 
(7.7) 

9 

12 
(18) 

Ik 
(23) 

17 
(26) 

19 
(30) 

21 
(33) 

(3M 
26 

(35) 

30 
(36) 

7 
(1.0) 

12 
(M) 
17 

(7.3) 

21 
(10) 

26 
(12) 

30 
(13) 

34 
(15) 

38 
(16) 

U2 
(18) 

1*6 
(18) 

53 
(18) 

Ik 
(.53) 

23 
(2.3) 

32 
(3.7) 

1*0 
(5.1) 

1*9 
(6.0) 

56 
(6.9) 

61* 
(7.6) 

72 
(8.3) 

79 
(8.9) 

87 
(9/3) 

97 
(9-7) 

23 
(.33) 

38 
(1.3) 

53 
(2.3) 

66 
(3.0) 

79 
(3-7) 

92 
(^.1) 

105 

117 
(5.0) 

129 
(5.3) 

11*2 
(5.6) 

156 
(5.7) 

31* 
(.22) 

57 
(.90) 

78 
(1.5) 

98 
(2.0) 

118 
(2.1*) 

137 
(2.8) 

157 
(3.0) 

176 
(3.2) 

191* 
(3.5) 

213 
(3.7) 

?30 
(3.9) 

67 
(.11) 

113 
(.1*5) 

156 
(.75) 

196 
(1.0) 

23l* 
(1.2) 

272 
H.k) 

309 
(1.5) 

31*5 
(1.6) 

381 
(1.8) 

1*17 
(1.9) 

1*52 
(1.9) 

133 
(.06) 

226 
(.22) 

309 
(.38) 

388 
(.51) 

U65 
(.61) 

539 
(.70) 

612 
(.77) 

681* 
(.81*) 

755 
(.90) 

827 
(.910 

896 
(.98) 

221*     33I* 
(.03) (.02) 

378      563 
(.13) (.09) 

517      770 
(-23)  (.15) 

61*9     967 
(.36) (.20) 

776   1160 
(.36) (.21*) 

900   131*0 
(.te) (.28) 

1020   1530 
(.1*6) (.31) 

111*0   1700 
(.50) (.31*) 

1260   1880 
(.5M (.36) 

1,380 2,C60 
(.57) (.38) 

1,500 2,?30 
(.59) (.39) 

661* 1,330 
(.01) 

1120    2250 
(.01*) (.02) 

1530    3080 
(.07) (.01*) 

1930    3860 
(■10) (.05) 

2300  1*620 
(.12) (.06) 

2670   5360 
(.11*) (.07) 

301*0   6090 
(.15) (.08) 

3390   6800 
(.17) (.08) 

371*0   7510 
(.18) (.09) 

1*,100 8,210 
(.19) (.09) 

1*,1*1*0 8,910 
(.20)  (.10) 

2,210 3,31*0 

371*0    561*0 
(.01)  (.01) 

5120    7710 
(.02) (.01) 

61*20   9680 
(.03) (.02) 

7690 
(.01*) 

8920 
(.04) 

(t/p) x 100 ratios in parentheses are for P(A) * .95 (or more) 
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Table 3a5 

SanpUng Plans for ß = 1 l/3, r = .50 

t    U- 

\-. 

(t/p) x 100 Ratio for which P(A) » .10 (or less) 

100     50 ^0       25       15       10     8.0     5.0     h.O     2.5     1.5     1.0 .50 

4 
(M) 

l|    7 
(15) 

9 
(2U) 

12 
(29) 

' 41 14 
If 3^) I 

i 5 

I 6 
t 

I 
,  7 

I 

i    9 

iio 

17 
(36) 

19 
(41) 

21 
(44) 

24 
(45) 

26 

29 

9 12 
(2.7) (2.2) 

15 20 
(8.0) (6.4) 

21 27 
(12) (9.8) 

26 35 
(15) (12) 

32 42 
(17) (13) 

37 48 
(19) (15) 

^2 55 
(20) (16) 

47 61 
(21) (17) 

52 68 
(23) (18) 

57 74 
(24) (19) 

63 82 
(24) (19) 

22 
(1.4) 

37 
(4.0) 

50 
(6.0) 

63 
(7.5) 

76 
(8.6) 

88 
(9.5) 

100 
(10) 

112 
(11) 

124 
(11) 

135 
(12) 

150 
(12) 

42 
.86) 

71 
2.5) 

98 
3.6) 

123 
4.5) 

147 
5.2) 

173 
5.6) 

196 
6.1) 

219 
6.6) 

242 
6.8) 

265 
7.1) 

287 
7.4) 

72 
.57 

122 
1.6 

168 
2/4 

211 
3.0 

252 
3.4 

293 
3.8 

332 
4.1 

371 
4.3 
410 
h.6 

IM 
4.8 

486 
5.0 

97 
.46 

165 
1.3 

226 
1.9 

tl 
339 
2.7 

393 
3.0 

446 
3.3 

^99 
3.5 

550 
3.6 

602 
3.8 

S53 
A.O 

l8l 
(.26 

306 
(.82 

419 
(1.2 

526 
(1.5 

629 
(1.7 

730 
(1.9 

829 
(2.1 

927 
(2.2 

1020 
(2.3 

1120 
(2.4 

1210 
(2.5 

242 
(.23 

1*09 
(.66 

560 
(1.0 

703 
(1.2 

841 
(1.4 

976 
(1.5 

mo 
(1.6 

1240 
(l.Y 

1370 
(1.8 

1500 
(1.9 
1620 
(2.0 

452 
(.14) 

763 
(M) 
1050 
(.61) 

1310 
(.76) 

1570 
(.68) 

1820 
(.97) 

2070 
(1.0) 

2310 
(1.1) 

2550 
(1.1) 

2790 
(1.2) 

3020 
(1.2) 

900 
(.08) 

1520 
(.24) 

2080 
(.36) 

2610 
(.45) 

3120 
(.52) 

3620 
(.58) 

UllO 
(.62) 

4600 
(.66) 

5080 
(.70) 

5550 
(.72) 

6020 
(.75) 

1540     3840 
(.06) (.03) 

2600     6480 
(.16) (.08) 

3550     8870 
(.24) (.12) 

4460 
(.30) 

5330 
(.35) 

6180 
(.38) 

7020 
(.41) 

7850 
(.45) 

8660 
(.46) 

9470 
(.46) 

(t/p) x 100 ratios In parenthesee are for P(A) S .95 (or more) 
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Table 3a6 

Sampling Plans for ß = 1 2/3, r ■ .50 

1 n 

cl 

,   100 80 

(t/ 

50 

p) x 100 Ratio for which P(A) « .10 or less 

40 25 15      10    8.0    5.0 4.0     2.5     1.5     1.0 

698   1540    36OO   7090 
(.41) (.25) (.15) (.10) 

0 k       3        11      16      35      76     156     22U     1*80 
(9.0) (7.9) (M) (3.9) (2.4) (1.5) (1.0) (,8l) (.51) 

1 7 
(21) 

9 
(18) 

19 
(11) 

27       59     129     263      378     810 
(9.2) (5.8) (3.6) (2.3) (1.9) (1.2) 

Il80   2590   6080 
(.95) (.60) (.36) 

2 9 
(31) 

13 
(24) 

26 
(16) 

37 
(12) 

81    178    360    517  mo 
(7.8) (4.8) (3.2) (2.6) (1.6) 

1610   3550   8320 
(1.3) (.81) (.49) 

3 12 
(36) 

16 
(30) 

33 
(18) 

46 
(15) 

102     223     451     650   1390 
(9.3) (5.8) (3.8) (j.O) (1.9) 

2030   4460 
(1.5) (.97) 

4 14 
(te) 

19 
(34) 

39 
(21) 

55 
(17) 

122 
(10) 

267     5^0     776   1670 
(6.4) (4.2) (3.4) (2.1) 

2420    5330 
(1.7) (1.1) 

5 17 
(MO 

22 
(37) 

45 
(23) 

64 
(18) 

1^2 
(11) 

310     627     900   1930 
(7.0) (4.6) (3.7) (2.3) 

2810   6l80 
(1.8) (1.1) 

6 
i 

19 26 
(38) 

52 
(24) 

73 
(19) 

163 
(12) 

352      711    1020    2200 
(7.4) (4.9) (3.9) (2.5) 

3190   7020 
(2.0) (1.2) 

7 21 
(51) 

29 
(^0) 

58 
(25) 

82 
(20) 

182 
(12) 

394     795   1140   2450 
(7.8) (5.1) (4.1) (2.6) 

3570   7850 
(2.1) (1.3) 

8 24 
(52) 

32 
(te) 

65 
(26) 

90 
(21) 

201 
(13) 

434     878   1260   2710 
(8.2) (5.3) (4.3) (2.7) 

3940   8660 
(2.1) (1.3) 

9 26 
(53) 

35 m 70 
(27) 

99 
(22) 

220 
(13) 

475     960   1380   2960 
(8.4) (5.5) (4.4) (2.8) 

4310   9470 
(2.2) (1.4) 

10   29 
1(5*0 

39 
(44) 

78 
(27) 

110 
(22) 

239 
(1*0 

515    1040   1500    3210 
(8.7) (5.7) (4.6) (2.9) 

4670 
(2.3) 

(t/p) x 100 ratios In parenthesea are for P(A) - .95 (or more) 
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Table 3a7 

Sampling Plans for ß = 2, r = .50 

1 1 n 

cj                         (t/p) x 100 Ratio for which P(A)  =  .10 (or less) 

100    80    50 40 25 15         10     8.0      5.0     4.0     3.0     2.5 2.0 

8220 
(.28) 

0 4       6     14 
(13)  (11) (7.2) 

21        5^     147       33^      520   1330   2080   3710   5360 
(5-9)  (3.6) (2.2) (1.5) (1.2)  {.7k) (.60) (.45) (.37) 

1 7     10     23 
(28) (23) (15) 

36 
(12) 

91     251       563     878    2250    3500   6280   9050 
(7.5) (4.5) (3.0) (2.4) (1.5) (1.2) (.90) (.75) 

2 9     14     32 
(38) (30) (19) 

49 
(15) 

124     343       770   1200    3080   4800   8590 
(9.8) (5.8) (4.1) (3.1) (1.9) (1.5) (1.1) 

3 12       l'(       40 
Co) (35) (22) 

62 
(16) 

158 
(11) 

431       967    1510    3Ö60   6020 
(6.7) (4.5) (3-6) (2.2) (1.8) 

k'  Ik     21     U9 
,(^8) (38) (2M 

74 
(20) 

189 
(13) 

5l6      Il60    lölO    4620    7200 
(7.4) (5.0) (3.9) (2.4) (1.9) 

5l   17     2h     56 
1(50) (hi) (26) 

86 
(21) 

219 
(13) 

598     1340   2090    5360   8360 
(7.9) (5.3) (^.2) (2.6) (2.1) 

61   19     27     64 
|(54) (44) (27) 

96 
(22) 

248 
UM 

679     1520    2380    6090    9^90 
(8.4) (5.5) (4.4) (2.7) (2.2) 

7 21      31     72 
(57) (45) (28) 

310 
(23) 

278 
UM 

759     1700   2660   6800 
(8.7) (5.8) (4.6) (2.8) 

8|  24      34     79 
'(58) (47) (30) 

121 
(24) 

306 
(15) 

838     1880   2930   7510 
(9.0) (6.0) (4.8) (2.9) 

9i 26     37     87 
(58) (47) (31) 

132 
(25) 

335 
(15) 

917    2,060 3,210 8,210 
(9.2) (6.1) (4.9) (3.0) 

10 30     43     97 
(58) (47) (31) 

147 
(25) 

363 
(16) 

99^     2230   3^80   8910 
(9.4) (6.3) (5.0) (3.1) 

(t/p) x 100 ratlos  in parer.theses are for P(A) =  .95 (or more) 
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Table 3aß 

SanpUng Flans for ß = 2 1/2, r = .50 

i 

c (t/p) x 100 Ratio for vhlch P(A) = .10 (or less) 

100     80     65      50     UO 30       25 20 15       12       10     8.0      5.0 

0!    4      6     10     19     33 68 107 I87 378     662   1000 1840   5910 
(20) (17) ilk) (10) (8.6) (6.5) (6.5) (4.3) (3.3) (2.6) (2.2) (1.7) (1.1) 

7     11      17      33     56 115 1Ö2 316 638   1120   1690 311C   9980 
(36) (29) {2k) (18) (15) (11) (9.M (7.6) (5.7) ih.6) (3.8) (3.0) (1.9) 

9    15     24     k3     77 158 249 433 872   1530   2320 4260 
(46) (27) (30) (23) (18) (14) (11) (9.3) (7.1) (5.6) (4.8) (3.7) 

12     19      30      56     97 199 312 543 1100   1920   2910 5350 
(51) (41) (34) (26) (20) (15) (13) (10) (7.9) (6.3) (5.3) (4.2) 

I  4   14    23     36     68   116 238 374 650 1310   2300   3480 6400 
(56) (44) (37) (28) (22) (17) (14) (11) (8.5) (6.8) (5.8) (4.5) 

17     26     42     79   135 276 433 754 1520   2670   4030 7420 
(58) (48) (38) (29) (23) (18) (15) (12) (9.0) (7.2) (6.1) (4.8) 

19    30     48    39   155 313 492 856 1730   3030   4580 8430 
(61) (50) (40) (31) (24) (18) (15) (12) (9.3) (7.5) (6.3) (5.0) 

21     34      54   100   174 350 550 957 1930    3380   5120 9420 
(63) (51) (41) (32) (25) (19) (16) (12) (9.7) (7.7) (6.6) (5.1) 
24     37     60   110   192 387 607 1060 2130    3730   5650 

(64) (52) (43) (32) (26) (19) (16) (13) (10)   (7.9) (6.7) 

26     41     65   121   210 423 664 ll6o 2330   4o80   6l80 
(65) (53) (43) (33) (26) (20) (16) (13) (10)   (8.1) (6.9) 

10   29     46     72   134   227 459 720 1250 2530   4430   6670 
(65) (53) (43) (34) (27) (20) (17) (13) (10)    (8.2) (7.0) 

(t/p) x 100 ratios in parentheses are for F(A) ■ .95 (or mare) 
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Table )bl 

Sampling Plans for ß * l/3, r ■ .90 

c 

n 

(t/p) x 100 Ratio for vhlch P(A) = .10 (or less ) 

100 50 25 10 5.0 2.5 1.0      .50      .25 .10 .050 .025   .01c 

0 22 28 35 48 60 76 104     129     163 220 277 340    470 

1 38 
(.08) 

48 
(.03) 

60 
(.02) 

82 
(.01) 

101 129 174     217     274 370 467 587   794 

2 52 
(.35) 

65 
(.18) 

82 
(.08) 

112 
[.03) 

139 
(.02) 

176 
'.01) 

237     297     375 507 639 804 1,090 

3 65 
(.84) 

82 
(.41) 

103 
(-21) 

141 
(.08) 

175 
(.04) 

220 
[.02) 

298     373     470 
(.01) 

636 802 1,010 1,360 

k 78 
(l.M 

98 
(.73) 

123 
(.37) 

169 
[.14) 

210 
(.07) 

264 
;.03) 

357     446     563 
(.01) (.01) 

761 960 1,210 1,630 

5 91 
(2.2) 

114 
(1.1) 

143 
(.54) 

196 
[.20) 

243 
(.10) 

306 
.05) 

4l4     518     653 
(.02) (.01) 

883 1,110 1,400 1,890 

6 103 
(2.9) 

130 
(1.4) 

164 
(.71) 

?23 
[.27) 

276 
(.14) 

347 
[.07) 

470     588     741 
(.03) (.01) (.01) 

1,000 1,260 1,590 2,150 

7 115 
(3-8) 

145 
(1.9) 

184 
(.89) ( 

250 
.35) 

309 
(.18) < 

389 
.09) 

526     658     829 
(.03) (.02) (.01) 

1120 1410 1780   2400 

8 127 
(4.7) 

162 
(2.1) 

202 
(i.o) 1 

275 
'.43) 

341 
(.22) 

429 
• 11) 

580     726     915 
(.04) (.02) (.01) 

1,240 1,560 1,960 2,650 

9 139 
(5.5) 

177 
(2.5) 

221 
(1.2) ( 

301 
.51) 

373 
(.26) 

469 
'.13) 

634     794 1,000 
(.05) (.03) (.01) 

1,350 1,710 2,150 2,900 

10 150 
(5.8) 

193 
(2.9) 

240 
(1.4) ( 

327 
.58) 

405 
(.29) ( 

509 
.15) 

688    861   1090 
(.06) (.03) (.01) 

1470 1850 2330   3150 

(t/p) x   100 ratios   in parentheses are  for P(A)  -  .95  (or more) 
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San^llng Plane for ß « 1/2, r ■ .90 

n 

100 

(t/p) x 100 Ratio for vhlch P(A) « .10 (or lese) 

50       25       10     5.0     2.5      1.0      .50     .25      .10    .050    .C25 .010 , 
..J 

0 22 
(.05) 

31 
(.02) 

45 
(.01) 

69 98 

1 38 
(.80) 

53 
(.*»o) 

75 
(.20) 

117 
(.08) 

167 
(.04) ( 

2 52 
(2.3) 

73 
(1.2) 

102 
(.59) 

162 
(.23) 

228 
(.11) ( 

3 65 
(3.9) 

92 
(2.0) 

129 
(i.o) 

204 
(.40) 

287 
(.20) ( 

k 78 
(6.0) 

110 
(3.0) 

156 
(1.4) 

244 
(.59) 

343 
(.30) ( 

5 91 
(8.0) 

127 
(^.o) 

181 
(1.9) 

283 
(.76) 

398 
(.38) ( 

6 103 
(9.6) 

1^5 
(M) 

205 
(2.3) 

321 
(.94) 

452 
(.47) ( 

7 115 
(U) 

164 
(5.4) 

229 
(2.8) 

359 
(1.1) 

505 
U55) ( 

8 127 181 
(6.2) 

253 
(3.1) 

396 
(1.3) 

558 
(.63) ( 

9 139 
(15) 

196 
(6.9) 

277 
(3.4) 

433 
(1.4) 

610 
(.71) ( 

10 15^ 
(15) 

215 
(7.6) 

300 
(3.8) 

470 
(1.5) 

661 
(.77) ( 

138     219     307     435     687     980   1400 2190 

236      370     519     734    ll60   166O   2360 3710 
.02) 

323 
.06) 

405 
.10) 

484 
.15) 
562 
.19) 
638 
.24) 

.01) 

507 
.02) 
636 
.04) 

761 
.06) 

883 
.08) 

1000 
.09) 

1120 
.11) 

1240 
.13) 

861    1350 

713 
.28) 

787 
.32) 

.35) 
934   1470 
.38) 

• HO 

.16) 

710 
(.01) 

891 
(.02) 
1070 
(.03) 
124ö 
(.04) 

1400 
(.04) 

1570 
(.06) 

1730 
(.06) 

1900 
(.07) 
2060 
(.08) 

1000 1590  2270  3230 5070 

1260 1990   284o   4050 6360 ; 
(.01) 

1510 2390   3400   4850 7610 
(.01) j 

1750 2770   3950   5620 8630 
(.02) (.01) 

1990 3l4o   4480   6380 
(.02) (.<51) 

2220 3510    5010    7130 
(.03) (.01) 

2450 3880    5530 7870 
(.03) (.01) 

2680 4240   6050 8610 
(.04) (.01) (.01) 

2910 4600   6560 9340 
(.04) (.01) (.01) 

(t/p) x 100 ratlos in parentheses are for P(A) * .95 (or more) 
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Table 3^3 

Sampling Plans for ß «= 2/3 r = .90 

(t/p) x 100 Ratio for which P(A) = .10 (or less) 

200     100 

o!    Ik 
((.63) 

11    2h 
l(5.U) 

2'    33 
|(ll) 

3     k2 
I (18) 

k.    50 
I (24) 

5 58 
1(30) 

6 66 
(35) 

71    Ik 
,(39) 

el 82 
iCo) 

9    90 
1(^7) 

1 

{10  100 
I     (1*7) 

22 
(.33) 

38 
(2.7) 

52 
(5.9) 

65 
(8.8) 

78 
(12) 

91 
(15) 

103 
(17) 

115 
(20) 

127 
(22) 

139 
(23) 

15U 
i2h) 

50 _ 

35 
(.16) 

59 
(l.M 

82 
(2.9) 

103 
{k.6) 

123 
(6.1) 

HO 
(7.4) 

16U 
(8.10 

183 
(9.5) 

202 
(10) 

221 
(11) 
2U0 

(12) 

25     15      10    5.0    2.5    1.0    .50 .25    .10 .05 
. I 

55 
(.08) 

9h 
(.68) 

128 
(1.5) 

163 
(2.2) 

195 
(3.0) 

226 
(3.6) 

257 
(4.3) 

287 
(4.8) 

317 
(5.3) 

347 
(5.7) 

376 
(6.2) 

78 
.05) 

131 
.41) 

181 
.87) 

227 
1.4) 

272 
1.8) 

315 
2.2) 

358 
2.6) 

400 
2.9) 

442 
3.2) 

483 
3.5) 
524 
3.8) 

102 
.03 

173 
.27 

237 
.59 

297 
.90 

355 
1.2 

412 
1.5 

468 
1.7 

523 
1.9 

578 
2.1 

632 
2.3 

685 
2.5 

162 
.02) 

274 
.13) 

375 
.29) 

471 
.46) 

563 
.60) 

653 
.74) 

742 
.86) 

829 
.96) 

915 
1.0) 

1000 
1.1) 

1090 
1.2) 

259     ^70 
(.01) 

437   794 
(.07) (.03) 

598  1090 
(.14) (.06) 

751   1^60 
(.22) (.09) 

898   1630 
(.30) (.12) 

1040   1890 
(.36) (.14) 

1180   2150 
(.42) (.18) 

1320   21*00 
(.48) (.20) 

1460   2650 
(.52) (.21) 

l600   2900 
(.58) (.24) 

1730   3150 
(.62) (.25) 

743 1180   2170   3440 

1260 2000    367O    5810 
(.01) 

1720 2730   5020   7940 
(.03) (.01) 

2l6o 3430   6300   9970 
(.04) (.02) (.01) 

2580 4100   7540 
(.06) (.03) (.01) 

2990 4760   8750 
(.07) (.04) (.01) 

3400 5400   9930 
(.09) (.04) (.02) 

38OO 6040 
(.10) (.05) 

4190 6660 
(.10) (.05) 

4580 7290 
(.12) (.06) 

4970 7900 
(.12) (.06) 

(t/p) x 100 ratios In parentheses are for P(A) = .95 (or more) 
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Table 3bU 

Sampling Plans for ß = l, r = .90 

(t/p) x 100 Ratio for which P(A) = .10 (or less) 

?00  150  100  80  50  25  15  10  8.0  5.0  2.5  1.5  1.0 

0 

1 

2 

3 

k 

5 

6 

7 

8 

9 

10 

11 15 22 28 kk 88     lk6       219     27»+      ^38     876 1,460 2,190 
(^•M (3.3) (2.2) (1.7) (1.1) (.55) (-33) (-22) (.18) (.11) (.05) (.03) (.02) 

19 26 38 1+7 75 148     248       370     463     740 1,480 2,460 3,710 
(18) (13) (9.0) (7.2) (4.5) (2.2) (1.3) (.92) (.73) (.45) (.22) (.13) (.09) 

27 35 52 65 102 205     339       507     634 1,010 2,020 3,370 5,070 
(29) (22) (15) (12) (7.7) (3.8) (2.2) (1.5) :.?)  (.77) (.38) (.22) (.15) 

3^ 44 65 81 129 257     426       636     795 1,270 2,540 4,230 6,360 
(39) (30) (20) (16) (10) (5.0) (3.0) (2.0) (1.6) (1.0) (.50) (.30) (.20) 

^0 53 78 97 156 307      509       761     952 1,520 3,040 5,060 7,610 
(49) (36) (24) (19) (12) (6.0) (3.6) (2.4) (1.9) (1.2) (.61) (.36) (.24) 

47 62 91 113 l8l 357     591       883 1,100 1,760 3,530 5,870 8,830 
(55) (41) (29) (22) (14) (7.0) (4.2) (2.8) (2.2) (1.4) (.70) (.41) (.28) 

53 70 103 128 205 405      671    1,000 1,250 2,000 4,000 6,670 
(61) (46) (30) (25) (15) (7.7) (4.6) (3.1) (2.5) (1.5) (.78) (.46) 

60 78 115 143 229 453     750   1,120 1,400 2,240 4,480 7,450 
(66) (51) (33) (27) (16) (8.4) (5.0) (3.3) (2.7) (l.6) (.85) (.50) 

67 87 127 l6l 253 500      827    1,240 1,550 2,470 4,940 8,220 
(70) (53) (36) (28) (18) (9.0) (5.4) (3.6) (2.9) (1.8) (.90) (.54) 

72 95 139 176 277 547     905   1,350 1,690 2,700 5,400 8,990 
(75) (57) (38) (30) (19) (9.5) (5.7) (3.8) (3.0) (1.9) (.95) (.57) 

80 106 155 191 301 593     982   1,470 1,840 2,930 5,860 9,760 
(76) (58) (39) (31) (20) (10)    (6.0) (4.0) (3.1) (2.0) (1.0) (.6) 

(t/p) x 100 ratios in parentheses are for P(A) •  .95 (or more) 
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Table 3b5 

Sanqpling Flans for ß - 1 l/Z, r - .90 

00 Rat lo for 

UO 

n 

(or le 

8.0 

88} 

4.0    2.5 | 

Cl (t/p) x 1 wblch P(A) 

_25_    15_ 

=  .10 

10 200   150 100 80 50_ 

0     9     13        22      30       55      71*     138    27^ 
(11) (8.3) (5.6) (4.5) (2.8) (2.3) (1.4) (.87) 

4^1    622 
(.:3) (.45) 

1150 
(.29) 

151*0   2950 i 
(.23) (.I4)j 

1    16     22 
(31) (25) 

38 
(16) 

51 
(13) 

94     126    236    463 
(8.0) (6.5) (4.1) (2.5) 

77a 
(17) 

1050 
(1.3) 

1950 
(.83) 

2590   4990  1 
(.69) (.45)| 

,  2    21      31 
(49) (36), (2^ 

69 
(19) 

128 
(12) 

174     323    634 
(9-5) (6.0) (3.6) 

1070 
(2.5) 

1W0 
(2.0) 

2660 
(1.2) 

3550   6820 
(1.0) (.62) 

, 3   27     39 
(59) (45) 

65 
(30) 

87 
(24) 

16^ 
:i5) 

218 
(12) 

405    795 
(7.4) (4.5) 

I'.'O 
(3.0) 

1810 
(2.4) 

3340 
(1.5) 

1*1*50    8570 
(1.2) (.76) 

! 4; 33    46 
1(67) (52) 

78 
(34) 

105 
(27) 

195 
(17) 

261 
(13) 

485    952 
(8.5) (5.1) 

1600 
(3.5) 

2l60 
(2.8) 

1*000 
(1.7) 

5330 
(1.4) 

5   38     54 
(75) (57) 

91 
(38) 

121 
(29) 

226 
(19) 

303 
(15) 

562  1100 
(9.5) (5.7) 

i860 
(3.9) 

2510 
(3.1) 

4640 
(1.9) 

6l80 
(1.6) 

6   i*3     61 
|(81) (61) 

103 
(41) 

138 
(33) 

257 
(20) 

344 
(16) 

638   ]250 
(10)   (6.2) 

2110 
(4.2) 

2850 
(3.3) 

5270 
(2.1) 

7020 
(1.7) 

I 7| 48     69 
1    1(87) (66) 

115 
(44) (3*0 

287 
(22) 

385 
(17) 

713   1400 
(n)  (6.5) 

2360 
(4.4) 

3180 
(3.5) 

5890 
(2.2) 

7850 
(1.8) 

1 8   54     76 
!   (90) (69) 

127 
(46) 

173 
(36) 

317 
(23) 

U25 
(18) 

787 1550 
(11)   (6.9) 

2600 
(4.7) 

3510 
(3.7) 

6500 
(2.3) 

8660 
(1.9)           I 

9; 59   83 
1     (94) (72) 

139 
(49) 

189 
(37) 

347 
(24) 

kSk 
(19) 

861   1690 
(12)   (7.2) 

2840 
(4.9) 

3840 
(3.9) 

7110 
(2.4) 

9470            j 
(1.9) 

.10   66     93 
|    ;(_95H72) 

154 
(49) 

205 
(39) 

376 
(25) 

50if 
(19) 

934   1840 
(121 {1:k). 

3080 
(5.0) 

1*170 
_(4._0) 

7710 
(2.5) 

(t/p) x 100 ratios In parentheses are for P(A) ■ .95 (or more) 

\ 
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Table 3b6 

Sampling Plans for ß = 1 2/3, r = .90 

I 

1 

i 
c 

1 

i D 

00 Ratio for vhlcb (t/p) x 1 P(A) ■ .10 (or less)                             1 

1 1 200    150   100       80 65 50 40 25 15       10     8.0     5.0     4.0   i 
i 

1 0 
'      7      12     22        32        U5        70     101     221      5l3    1C10   1^70    3200    U65O   1 
(20)    {Ik) (10) (8.1) (6.6) (5.0) (U.l) (2.5) (1.5) (1.0) (.85) (.50) (.1*0) I 

1 13      20      38        51* 
(U5)    (35) (23) (19) 

77 
(15) 

118 
(12) 

172     374     874   1710   2480   5400   7860  ! 
(9.4) (5.9) (3.6) (2.4) (1.8) (1.2) (.95) 

2 1    17     27     52       75 
(65)    (U8) (32) (26) 

105 
(21) 

163 
(16) 

235 
(13) 

512    1200    2330    3390    7390 
(8.1) (4.8) (3.2) (2.6) (1.6)            \ 

1 3 
\    22      &     65       91* 
(75)   (57) (38) (30) 

132 
(25) 

205 
(19) 

296 
(15) 

642   1500   2930   4260   9260             1 
(9.6) (5.7) (3.9) (3.1) (1.9)           | 

4i    26     1*1     78     112 
1(85)   (61*) (43) (3M 

160 
(28) 

245 
(21) 

354 
(17) 

769 
(u) 

1800    3510   5090 
(6.5) (4.3) (3.4)                     : 

5 31     kQ    91     131 
(90)   (69) (kS) (37) 

185 
(30) 

285 
(23) 

410 
(18) 

892 
(11) 

2090   4070   5910 
(7.0) (4.6) (3.7)                      | 

6 35     5^   103     1U8 
(97)    (7*0 (W) (39) 

210 
(32) 

323 
(24) 

466 
(19) 

1010 
(12) 

2370  4620  6710                   ; 
(7.4) (4.9) (3.9)                     1 

1 ^ 39     61   115     168 
(105) (77) (52) (Ul) 

235 
(33) 

361 
(26) 

521 
(20) 

1130 
(13) 

2650   5160   7500                       i 
(7.8) (5.2) (4.1)                     | 

8 kk    68   127     185 
(108) (80) (54) (U3) 

259 
(35) 

398 
(27) 

575 
(21) 

1250 
(13) 

2920   5700   8280                       1 
(8.1) (5.4) (4.3) 

9 48     74   139    203 
(no) (83) (56) (44) 

284 
(36) 

439 
(27) 

629 
(22) 

1370 
(iM 

3190   6230   9050 
(8.4) (5.6) (4.5) 

lOj 

'    i 

53     82   154     220 
(110) (83) (57) (45) 

308 
(37) 

473 
(28) 

682 
(23) 

1480 
(14) 

3460   6760   9820 
(8T7) (5.7) (4.6) 

(t/p) x 100 ratios In parentheses axe fee P(A) - .95 (or acre) 
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1 

Table 3b7 

Sampling Plans for ß - 2 , r  = .90 

n 

r whld c (t/p) x 100 Ratio fo b P(A) = .10 (or less)          | 
1 

200 150 120 100  8o  65 50 40 25 

349 
(3.7) 

20   15  10  8.0 j 

0 6  10 15 22  3^  52  88 137 
(28) (22) (18) (14) (12) (9.6) il.k)  (5.9) 

1 
548  960 2170 3390 

(2.9) (2.2) (1.5) (1.2) 

1 10  17 26  38  59  88 
(60) (U5) (36).(30) (2U) (19) 

148 
(15) 

233 
(12) 

589  926 1620 3670 5720 
(7.5) (5.9) (4.5) (3.0) (2.4) 

2 14  24  36  52  80  121 
(77) (58) (47) (39) (31) (25) 

205 
(19) 

319 
(15) 

806 1270 2220 5020 7830 
(9.7) (7.8) (5.9) (3.8) (3.0) 

3 18  30 46 65 101  154 
(88) (68) (54) (45) (36) (29) 

257 
(22) 

400 
(18) 

1010 
(11) 

1590 2780 6300 9830 
(9.0) (6.7) (4.5) (3.6) 

k 21  36 55 78 121  184 
(99) (74) (59) (50) (39) (31) 

307 
(24) 

479 
(20) 

1210 
(12) 

1900 3330 7540 
(9.9) (7.4) (4.9) 

5 25  42  64  91 140  213 
(105) (79) (63) (53) (41) (34) 

357 
(26) 

555 
(21) 

1410 
(13) 

2210 3870 8750 
(10) (7.9) (5.3) 

6 29  48 73 103 l6l 9h2 
(110) (83) (66) (56) (44) (36) 

405 
(28) 

631 
(22) 

1600 
(14) 

2510 4390 9930 
(11) (8.4) (5.5) 

7 32  54  8l 115 l8l  271 
(115) (86) (70) (58) (46) (37) 

453 
(29) 

705 
(23) 

1780 
(14) 

2800 4900 
(11) (8.7) 

8 36  60 90 lfi7 199  299 
(118) (89) (72) (60) (47) (38) 

500 
(30) 

778 
(24) 

1970 
(15) 

3090 5410 
(12) (9.0) 

9 39 65 98 139 218  327 
(123) (91) (74) (62) (49) (40) 

546 
(31) 

851 
(24) 

2150 
(15) 

3380 5920 
(12) (9.3) 

10 45  73 109 154 236  354 
(123) (91) (74) (62) (50) (41) 

593 
(31) 

923 
(25) 

2340 
(16) 

367O 6240 
(12) (9.6) 

(t/p) x 100 ratios In parentheses are for P(A) » .95 (or more) 
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Table 3b8 

Sampling Plans for ß » 2 1/2, r =   .9C f 

c 

n 

(t/p) x 100 Ratio for which P(A) = .10 (or less) 

200     150 120    100     80     65     50       '40 30 25 20 15        12 

0 k        8 
CO)    (32) 

14     22     39     64   124     217     439     700   1210   2480   4300 
(26) (21) (17) (14) (11) (8.7) (6.5) (5-3) (4.3) (3-2) (2.6) 

1 8      Ik 
(72)   (57) 

24      38     65    109   211      367 
(46) (38) (30) (24) (19) (15) 

741 
(11) 

1180   2050   i*l8o   7270 
(9.5) (7.6) (5.7) (4.5) 

2 10       20 
(94)    (70) 

33     52     90   149   289     502 
(57) (47) (37) (30) (23) (19) 

1010 
(14) 

1610 
(12) 

2800    5720    9950 
(9.4) (7.0) (5.6) 

3 13       25 
(105) (79) 

42     65    113    189    363     63O 
(63) (53) (42) (34) (26) (21) 

1270 
(14) 

2030 
(13) 

3520 
(10) 

7l80 
(7.9) 

k 16       30 
(113) (85) 

51     78   135   226   434    754 
(68) (57) (45) (37) (28) (23) 

1520 
(17) 

2420 
(14) 

4210 
(11) 

8600 
(8.6) 

5 19      35 
(118) (89) 

59     91   159   263   504     875 
(72) (60) (47) (38) (30) (24) 

1770 
(18) 

2810 
(15) 

4880 
(12) 

9970 
(9.0) 

6 21       UO 
(125) (93) 

67   103   180   298   572     993 
(75) (63) (50) (40) (31) (25) 

2010 
(19) 

3190 
(15) 

5540 
(12) 

7 2k      k5 
(128) (96) 

75   U5   201   333   640   1110 
(77) (65) (51) (42) (32) (25) 

2240 
(19) 

3570 
(16) 

6200 
(13) 

8 27      k9 
(131) (99) 

83    127    222    368   706   1230 
(79) (67) (53) (43) (33) (26) 

2470 
(20) 

3940 
(16) 

6840 
(13) 

Q 29      5^      90   139   2i*3   ^03   772   1340 
(135) (100) (81) (68) (54) (44) (34) (27) 

2710 
(20) 

4310 
(17) 

7480 
(13) 

10 33      60    100   154   263   437   838   1450 
(129) (101) (82) (69) (55) (45) (34) (27) 

2940 
(21) 

4670 
(17) 

8110 
(14) 

(t/p) x 100 ratios ir. parentheses ax« for P(A) « .95 (or more) 

•51- 



Table 3cl 

Sainpllng Plans for ß = 1/3, r = .99 

1 n 

1 

1500 1000 

(t/p) x ICO Ratio for vhlch P(A) « .10 (or less) 

500       200     100       50       10      5.0      1.0     .50      .10 .050 .010 
1 
1   0,  93    107 

l(.Ol) (.01) 
134       183     230     288     495      622    1070   1360   2300 2880 4950 

1' 159     l8ß     229       309     389     W6     837   1050   1800   2290   3890 »»660 8370 
(1.1) (.75) (.37) (.15) (.07) {.Oh) (.01) 

2 217     249     313       ^22     532     665   1150   lW>   2470   3130   5320 6650 
(5.4) (3.5) (1.8) (.73) (.37) (.18) (.04) (.02) 

3 273 
(12) 

312     393       530    668    835   1440   1810   3090   3930   'COO 8350 
(8.4) (4.2) (1.7) (.87) (.44) (.08) (.04) (.01) 

k 326 
(22) 

374 
(15) 

470      634     799     999   1720   2l60   3700   4700   8000 9990 
(7.4) (3.0) (1.5) (.76) (.15) (.07) (.01) •   i 

5 379 
(32) 

433 
(22) 

546      736     928   1160   2000   2510   4300   5460   9280 
(11)   (4.5) (2.2) (1.1) (.22) (.11) (.02) (.01) 

6 430 
(44) 

492 
(30) 

619       836   1050   1320   2270   2850   4880   6200 
(15)    (6.1) (2.8) (1.5) (.30) (.15) (.03) (.01) 

7 480 
(56) 

550 
(37) 

692       934   Il80   1470   2530   3180   5450   6930 
(18)    (7.8) (3.8) (2.0) (.38) (.19) (.04) (.02) 

8 530 
(68) 

607 
(46) 

764     1030   1300   1630   2790   3510   6020   7640 
(23)    (9.4) (4.7) (2.4) (.48) (.24) (.05) (.02) 

9 580 
(80) 

664 
(53) 

836     1130   1420   1780   3060   3840   6580   8360 
(27)   (11)   (5.6) (2.8) (.55) (.28) (.06) (.03) 

10 629 
(93) 

720 
(62) 

906     1220   1540   1930   3320   4170   7140   9070 
(31)   (13)   (6.4) (3.2) (.65) (.32) (.06) (.03) 

(t/p) x 100 ratios In parentheses are for P(A) - .95 (or more) 



Table 3c2 

Sampling Plans for ß « l/2, r = .99 

(t/ ) x 100 Ratio for which P(A) = 

11500    1000      500      200      100       50        25 10 

,10 (or less) 

5.0    2.5    1.0    .50 .10 

0!    60 73     103 
|(.7l) (.50) {.2k) 

1 ' 101 123     175 
i(l2) (8.1) (U.O) 

2; 138 170     240 
(35) (23)   (n) 

3   175 213     301 
!(6o) {ho)   (20) 

h\ 209 255      360 
(88) (59)   (30) 

2^3 296     4l8 
(125) (77)   (38) 
276 336    kik 

{iko) {9k) (vr) 
308 376    530 

(165) (106) (55) 
8   3^0 U15     585 

(190) (125) (65) 

372 k3k    6kO 
(210) {ikO) (71) 

10   403 ^92    69h 
(230) (155) (80) 

163 
(.10) 

276 
(1.6) 

377 
(£.6) 
kjk 

(8.1) 

567 
(12) 
658 

(15) 

7^7 
(19) 

835 
(22) 

921 
(26) 

1010 
(28) 

1090 
(31) 

230     324 
(.05) (.02) 

389     548 
(.82) (.4:) 

532    750 
(2.3) (1.2) 
668    941 

(4.1) (2.0) 

799   1130 
(5.9) (3.0) 
928   1310 

(7.8) (4.0) 

1050   1480 
(9.6) (4.8) 

461     683   1030   1540   2330   3250   6840 
(.01) 
778    1220 

(.20) (.08; 

1070   I66O 
(.59) (.24] 
1340   2090 
(1.0) (.42; 

l600   2500 
(1.5) (.62; 
i860   2900 
(1.9) (.80; 

1180 
(n) 
1300 
(13) 
1420 
(HO 
1540 
(16) 

1660 
(5.6) 

1830 
(6.5) 
2000 
(7.2) 

2170 
(8.0) 

2110    3290 
(2.4) (1.0 

2360    368O 
(2.8) (1.1 

2600   4o6o 
(3.2) (1.3 
2840   4440 
(3.6) (1.4 

3080   4820 
(4.0) (1.6 

1730   2430 
(.04) (.02) 

2370    3330 
(.12) (.06) 

2970   4l8o 
(.21) (.10) 
3550   5000 
(.30) (.15) 
4120   5800 
(.38) (.20) 

4680   658O 
(.50) (.25) 
5230   7360 
(.57) (.28) 
5770   8120 
(.65) (.33) 
6320   8880 
(.73) (.37) 
6850   9630 
(.80) (.40) 

^930   5480 
(.01) 
5380   7500 
(.02) (.01) 

6750   9410 
(.04) (.02) 

8060 
(.06) 

9370 
(.08) 

(t/p) x 100 ratios In parentheses are for P(A) » .95 (or more) 

-5> 

I 



Table JO 

Sampling Plans for ß = 2/3, r ■ .99 

c 

Q                             1 
1 

(t/p) x 100 Ratio for which P(A) B .10 or less 

1500 1000  500 300 200 100 50  25  15  10  5.0 2.5 1.0 

0 38  i*9  79 109 
(4.9) (3.3) (1.6) (1.0) 

143 
(.67) 

230 366  576 808 1060 1690 2710 4900 
(.33) (.16) (.08) (.05) (.03) (.01) 

1 6k      8U 133 
m (30) (i4) 

185 
(8.3) 

243 
(5.4) 

389 617 973 1370 1790 2860 458O 82'? 
(2.8) (1.4) (.69) (.42) (.27) (.14) (.07) (.0£; 

2 87 114  181 
(91) (60) (30) 

253 
(18) 

333 
(12) 

532  845 1330 1870 2450 3910 6260 
(6.0) (3.0) (1.5) (.90) (.60) (.29) (.15) 

3 110  144  227 
(137) (92) (46) 

318 
(27) 

418 
(18) 

668 1060 1670 2340 3080 4910 7860 
(9.1) (4.5) (2.3) (1.4) (.91) (.45) (.22) 

1* 132  174  271 
(184) (115) (61) 

381 
(36) 

500 
(24) 

800 
(12) 

1270 2000 2800 368O 5880 9400 
(6.0) (3.0) (1.8) (1.2) (.60) (.30) 

5 155  202  314 
(215) (145) (75) 

4142 
(45) 

580 
(30) 

928 
(15) 

1U70 2320 3250 4270 6820 
(7.4) (3.7) (2.3) (1.5) (.74) 

6 176 229  357 
(250) (170) (87) 

501 
(52) 

658 
(35) 

1050 
(17) 

1670 2630 3700 4850 7740 
(8.6) (4.4) (2.6) (1.7) (.87) 

7 196 256  399 
(290) (190) (99) 

561 
(59) 

736 
(39) 

1180 
(19) 

1870 2940 4130 5420 8650 
(9.7) (4.9) (2.9) (1.9) (.97) 

8 217 282 41*0 619 
(315) (212) (105) (65) 

812 
(43) 

1300 
(21) 

2060 3250 4560 5990 9550 
(10) (5.4) (3.3) (2.1) (1.0) 

9 237  309  482  677 
(345) (230) (117) (71) 

888 
(47) 

1U20 
(23) 

2260 3550 4990 6550 
(10) (5.8) (3.4) (2.3) 

10 257  335  522  734 
(370) (250) (126) (76) 

9^ 
(50) 

1540 
(25) 

2U50 3850 5410 7100 
(12) (6.3) (3.8) (2.5) 

(t/p) x 100 ratios In parentheses are for P(A) « .95 (or more) 

-54- 



Table 3cU 

Sampling Plans for ß * 1, r * .99 

(t/p) x 100 Ratio for vhlch P(A) - .10 (or less) 

1500    1000      800      500      300     200      100        80        50        25 15 

16 
(31) 
27 

(132) 

37 
(225) 

3! W 
'(305) 

k\ 55 
;(37o) 

5 61* 
!(1»22) 

6 73 im 
82 

(510) 
8 

9 

10 

90 
(550) 

99 
(570) 
no 
(58o) 

ko 
88) 

5^ 
153) 
68 

203) 
82 

245) 

95 
280) 
108 
310) 
121 
335) 
134 
360) 
146 
380) 
161 
390) 

29  46  77  114 230 
(17) (11) (6.6) (4.5) (2.1) 

49  78 130 
(72) (45) (27) 

194 
(18) 

389 
(9.1) 

68  107 179 
(320) (76) (45) 

266 
(30) 

532 
(15) 

85  135 225 
(162) (100) (60) 

334 
(40) 

668 
(20) 

ice 163 269 
(195) (120) (73) 

400 
(49) 

799 
(24) 

118 189 312 
(225) (138) (83) 

464 
(56) 

928 
(28) 

134 215 355 
(250) (153) (92) 

526 
(62) 

1060 
(31) 

150  240  396  588 
(270) (166) (100) (67) 

1180 
(33) 

169  265 437 649 
(280) (175) (105) (72) 

1300 
(36) 

184  290 478  710 
(298) (189) (112) (76) 

1420 
(38) 

200  314  519  770 
(310) (197) (118) (79) 

1540 
(39) 

291 J^l 
(1.7) (1.1) 
492 778 

(7.2) (4.6) 
674 1070 

(12) (7.7) 
846 131*0 

(16) (10) 
1010 1600 
(19) (12) 
1180 i860 
(22) (14) 
1340 2110 
(24) (15) 
1490 2360 
(26) (16) 

1650 2600 
(28) (18) 
1800 2840 
(30) (19) 
1950 3080 
(31) (20) 

903   1520 
(.57) (.34] 
1530   2560 
(2.3) (1.4) 
2090   3500 
(3.9) (2.3] 
2620   4400 
(5.2) (3.1] 
3140   5260 
(6.3) (3.7] 
3640   6100 
(7.2) (4.3) 
4130   6930 
(7.9) (4.7] 
4620   7750 
(8.6) (5.1] 
5100   8550 
(9.2) (5.5] 
5570   9350 
(9.7) (5.8] 
6050 
(10) 

10    5.0 

2260   1(610 
(.23) (.11; 
3820   7780 
(.93) (.46; 
5220 
(1.6) 
6550 
(2.1) 
7840 
(2.5) 
9100 
(2.9) 

t/p) x 100 ratios in parentheses are for P(A) - .95 (or more) 

•55- 



I  — 

Table 3c5 

Sanpllng Plans for ß « 1 1/3, r ■ .99 

; ci (t/p) x 100 Ratio for which P(A) » .10 ( or less) 

50 1500   1000     800     500     300     200     150     100 8o 25       15 10 

Oi    7 
,     (77) 

i 1! 11 
1      (2^5 

16 
(350 
20 

(U20 

2k 
j     (510 

1 5   28 
I    '(565 
! 6   32 
j     (610 

i 7   36 
(650 

40 
(680 

91 43 
(720 

101 47 
I    |(730 

8 

11 15 
56) (WO 
19 26 

162) (127) 

26 34 
240) (195) 

33 43 
295) (240) 

39 52 
345) (275) 
46 60 

385) (305) 
52 69 

410) (325) 

58 77 
440) (350) 

65 85 
458) (367) 

70 93 
485) (383) 
78 103 

490) (385) 

27 53 
(28) (17) 

46 90 
(81) (49) 

63 124 
(123) (73) 

80 157 
(151) (89) 

95 187 
(175) (104) 

110 217 
(194) (115) 
126 247 

(210) (124) 

141 276 
(220) (132) 

157 305 
(225) (139) 

172 333 
(235) (144) 

187 362 
(245) (150) 

91 
(11) 
155 

(32) 
212 

(48) 

267 
(60) 

320 
(68) 

371 
(76) 
421 

(82) 

471 
(87) 

520 
(92) 

568 
(95) 
616 

(100) 

134     230     307     576   1460   2880   4900 
(8.5) (5.7) (4.6) (2.8) (1.4) (.87) (.56; 

227 
(24) 

389 
(16) 

519 
(13) 

973   2460   4860   820:    , 
(8.3) (4.1) (2.5) (1.6) ; 

311 
(36) 

532 709 
(19) 

1330 
(12) 

3370   6650 
(6.0) (3.6) 

391 
(45) 

668 
(30) 

891 
(24) 

l670 
(15) 

4230   8350            I 
(7.3) (4.4) 

467 
(52) 

799 
(34) 

1070 
(28) 

2000 
(17) 

5060   9990 
(8.7) (5.3) 

542 
(57) 

928 
(38) 

1240 
(31) 

2320 
(19) 

5870 
(9.7) 

610 
(61) 

1050 
(41) 

1410 
(33) 

2630 
(21) 

6670 
(10) 

688 
(65) 

1180 
(43) 

157C 
(35) 

2940 
(22) 

7450 
(11) 

760 
(69) 

1300 
(W) 

1730 
(37) 

3250 
(23) 

8220 
(11) 

831 
(72) 

1420 
(48) 

1900 
(38) 

3550 
(24) 

9000 
(12) 

01 
73) 

1540 
(50) 

2060 
(^0) 

3850 
(25) 

9750 
(12) 

t/o) x 100 ratios in parentheses are for P(A)  - .95 ( or less ) 

•56- 



Table 3c6 

Sampling Plans for ß = 1 2/3, r « .99 

(t/p) x 100 Ratio for vhlch P(A) »  .10 (or less) 

1000     800     500     300     250     200     150   100     80       50       Uo       25       15 | J.UUU       o< 
1 

0l      5 
(101) 

l!      9 
l(237) 

13 
(316) 

3':    16 
1(385) 

k     20 
(U20) 

23 
(»»59) 

26 
(U90) 

29 
(510) 

32 
(535) 

36 
(5^0) 

8 

10'   Uo 
|(5Ü0) 

8       16 37 50 
(76)    (50) (30) (25) 

13       27 63 85 
(18?) (117) (70) (59) 

18       38 86 116 
(255) (160) (95) (81) 

23       U7 108 1U6 
(303) (193) (115) (95) 

27       57 130 176 
(3^5) (215) (129) (106) 

32       66 150 205 
(370) (236) (lUl) (115) 

36       75 172 233 
(395) (2l«9) (1W) (123) 

Ul      Bk 193 260 
iklO) (262) (15M (129) 

»♦5       92 213 287 
(U30) (272) (160) (13U) 

U9     101 233 311* 
(U5) (201) (166) (139) 

5U     112 253 3^1 
(^5) (283) (171) (1^3) 

73 U7 
(20) (15) 

123 198 
(U7) (35) 
169 272 

{6k) (1*8) 

213 3^1 
(76) (57) 

25^ ^06 
(85) (64) 

295 473 
(92) (69) 

335 537 
(98) (74) 

375 600 
(104) (77) 

414 663 
(107) (81) 

452 725 
(111) (83) 
491 786 

(115) (86) 

230   334 
(10) (8.2) 

389   564 
(23) (19) 
532 771 

(32) (26) 
668   968 

(38) (30) 

799 1158 
(43) (34) 
928 1350 

(46) (37) 

1060 1530 
(49) (39) 
1180 1710 
(51) (41) 
1300 1880 
(54) (43) 
1420 2060 
(56) (45) 
1540 2230 
(57) (46) 

731 
(5.1) 
1240 
(14) 
1690 
(16) 
2120 
(19) 
2540 
(21) 

2950 
(23) 
3340 
(24) 

3740 
(26) 

4130 
(27) 
4510 
(28) 

4890 
(28) 

1050   2300   5360 
(4.1) (2.6) (1.5) 

1770   3890   9050 
(9.5) (6.0) (3.7) 
2420 
(13) 
3040 
(15) 
3630 
(17) 
4220 
(19) 
4790 
(20) 

5350 
(21) 

5910 
(22) 

6460 
(22) 
7010 
(23) 

5320 
(8.0) 

6680 
(9.5) 
8000 
(11) 
9280 
(11) 

(t/p) x 100 retlos in parentheses are for P(A) ■ .95 (or more) 

•57- 



Able 3c7 

Sanpling Flans for ß = 2, r = .99 

n 

c (t/p) x 100 Ratic for which P(A) = .10 (or less) 

8oo    500 UOO     300 250 200   150   120     100       80 50      40      25   

903   1,400 3,600 
(7-4) (5.9) (3.7) 

0 k        10 
(no) (7i) 

15       26 
(58)   (43) 

37 
(37) 

58    ioe  156    230    349 
(30)    (22) (17) (15)    (12) 

1 7      16 
(230) (150) 

25       hk 
(120) (90) 

63 
(74) 

98     169   263     389      589 
(60)   (45) (36) (29)    (24) 

1530   2,360 6,080 
(15)    (12)   (7.5) 

2 10       23 
(300) (190) 

3^       60 
(150) (110) 

86 
(97) 

134     232    360     532     806 
(77)   (58) (47) (39)    (31) 

2,090 3,230 8,320 
(19)    (16)   (10) 

3 13       29 
(3^0) (220) 

1*3      76 
(180) (130) 

108 
(no) 

167    291   452    668 1,010 
(90)   (67) (54) (45)    (36) 

2,620 4,050 
(22)    (18) 

k 15       3^ 
(380) (2U0) 

52      91 
(190) {IkO) 

130 
(120) 

200     348   540     799 1,210 
(99)   (74) (60) (49)   (40) 

3,140 4,850 
(25)    (21) 

5 18       ko 
(MO) (260) 

60     105 
(210) (160) 

150 
(130) 

232     403   627     928 1,410 
(100) (79) (64) (52)    (43) 

3,64o 5,620 
(26)    (21) 

6 20        U5 
(kkO)  (270) 

69     120 
(220) (160) 

170 
(140) 

263     458   712 1,050 1,600 
(110) (83) (67) (54)    (45) 

4,130 6,380 
(28)    (22) 

7 23       51 
(U50) (280) 

77     13^ 
(230) (170) 

190 
(140) 

294     512   795 1,180 1,780 
(110) (87) (70) (58)    (47) 

4,620 7,130 
(29)   (23) 

8| 25       57 
)(U70) (290) 

85     1^8 
(240) (180) 

210 
(150) 

525     565   878 1,300 1,970 
(120) (90) (73) (59)    (48) 

5,090 7,870 
(30)    (24) 

9 28       62 
(^75) (300) 

93     162 
(240) (182) 

229 
(153) 

355     618   960   1420   2150 
(122) (92) (74) (61)    (50) 

5570   8610 
(31)    (25) 

10 

! 

32       69 
(WO) (305) 

103     175 
(245) (187) 

249 
(155) 

385     670 1040   1540   2340 
(125) (94) (76) (62)    (51) 

6040   9340 
(32)   (25) 

(t/p) x 100 ratios in parentheses are for i^A) «  .95 (or more) 

58- 



Table 3e6 

Saapllag Plans for ß • 2 l/2, r - .99 

c 

D 

(t/p) x 100 Ratio for \ihlch P(A) « ,10 (or less) 

500      1*00      300     250      200      150 120   100     80     65      50     ^       25     1 

0 5           8       15       24        41       84 
(101) (83)   (64)   (53)   (43)   (32) 

1^   230   397   668 1320 2300   7430     1 
(26) (22) (17) (14) (11) (8.7) (5.4) 

1 8        13      26      40      69     l4l 
(185) (150) (114) (95)   (76)   (57) 

248   389   671 1130 2230 3890 
(46) (38) (31) (25) (19) (1^)                i 

!    2   11        18      35      55      95     195 
1        (230) (185) (it) (118) (93)   (70) 

339   532   918 1540 3040 5320              1 
(56) (47) (38) (31) (23) (18) 

;    3 14        23      45      69     119    245 
(260) (208) (156) (132) (105) (78) 

426   668 1150 1940 3820 6680 
(63) (53) (42) (34) (26) (21) 

1    k 17        27      53      83     143     293 
(280) (225) (170) (142) (114) (84) 

509   799 1380 2320 4570 8000 
(68) (56) (46) (37) (28) (22) 

5 20         32      62       96     168     340 
(295) (238) (178) (150) (119) (89) 

591   928 1600 2690 5300 9280 
(71) (60) (48) (39) (30) (24) 

1    6 22          36       71      110      190      386 
(312) (250) (185) (155) (124) (93) 

671 1050 1820 3050 6020                        I 
(74) (62) (50) (41) (31) 

1    T 25        4l      79     123     213     431 
(320) (255) (193) (160) (127) (96) 

750 1180 2030 3410 6730 
(77) (64) (52) (42) (32) 

8 28        45      87     135     235     476 
(328) (265) (199) (165) (132) (98) 

827 1300 2240 3770 7420 
(79) (66) (53) (43) (33) 

9 31        49      95     148     257     521     905 1420 2450 4120 8120 
(334) (271) (203) (168) (135) (101) (80) (67) (54) (44) (34)                       , 

10 34        54    105     163     279     564    982 1540 2660 4470 8810 
(335) (275) (204) (170) (137) (103) (82) (69) (55) (45) (34)                       | 

(t/p) x 100 ratios In parentheses are for P(A) > .95 (or more) 

■59- 
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t 

Table k-a 

Minimum Li f<JresTi ng Tines  to Assure LOT Compliance 
with 95^ Confide ice- 

In Multiples of  Specified Reliable Lite -• r ■  .50 
t 

1 

c 
10 25 

1 
o; ' 7i6~ .030   i 

i i .51 .080   : 

*-* 2 ! 1.0 .14     i 
3 1.7 .23 
U ' 2.7 .33 
5 .  t— JA M 

0 
1 

.32 

.66 
.095 
.18 

ß^ 2 ■ 1.0 .27 
3 1.4 .37 
4 2.0 .1*8 

—1 .-^ ^8_- .60 . _. 

0 .42 
1 

.17 
1 .72 .27 

ß-l 2 1.0 .38     • 
(Exp.) 3. 1.3 .47     1 

«♦ 1.7 .57     ' 
■          , - ^-1- _2J ..•-<*   -1-- 

0| .53 .27     ; 
1 .78 .38 

ß=li 2 1.0 .46    ! 
3 , 1.2 .57     1 
1* • 1.4 .66     ■ 

  5 1.7 •75     ! 
1 

o; 
■ 

.39 .35     ' 
1 i .81 .1*6 

ß-«f 2 1.0 .55     : 
3 1.2     , .64     ■ 
4 1.3 .71 

- —    —- _■ __5._ JJ .78 

0 * .65 .41     1 
i; .85 .52       ! 

ß=2 2 ' i.o   ! .61       1 
3 i.i .69 
U ! 1.3 .76    ' 

  5 | J.k .82    1 
 .      4— 

0 , .70 .50 
1 .88   ! .59     '     . 

ß=2i 2 i 1.0 .67 
3 i i.i   ; .75 
U ' 1.2 .79    ■     . 
5 ' 1.3     i •65     i 

Sample Size 

50_ 
^0076 
.019 
.054 
.054 
.077 
.097 

.038 

.070 
10 

.14 

.18 

•1L 
085 

.23 
27 
3L. 
15 
22 
28 

.33 
38 
4[ 

.23 

.30 

.36 

.41 

.45 
•>?_ 

.29 

.36 
42 
47 
52 
55 

.37 

.45 
50 
55 
59 

.62 

100 

.0019 

.0047 

.0084 

.013 

.018 

.024 

.015 

.028 

.041 

.054 

.068 

.•08i 
.045 
.068 
.090 
.11 
.13 
.15 

.095 

.13 

.16 

.19 

.22 

.24 

.15 

.20 

.24 

.27 

.30 
32 

i  •2I 
.26 

I  -30 
.33 
.36 
■ 39 

.28 

.34 

.38 

.41 

.44 
_47 
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250 

.00050 

.00080 

.0014 

.0021 

.0029 

.0039 

.0046 

.OO85 

.012 

.016 

.020 

.025 _ 

.017 

.028 

.036 

.045 

.053 

.061 

.048 

.067 

.083 

.098 

.11 

.12 

.088 

.11 

.13 

.15 

.17 

.18 

.13 

.16 

.19 

.21 
• 23 

l     .24 

1 -'9 
1 .23 
i .26 

.28 

.30 

.32 

1 

500 

'.00ÖÖ764" 
.00019 
.00054 
.00050 . 
.00071 
.00095 ; 

.0018 . 

.0033 

.0049 

.0065 I 

.0081  ! 

jPW. I 

.0087 I 

.014 

.018 

.022  [ 

.026 

.030   ; ■ — -i 

.028   ! 

.040 

.049 

.058 

.065 

.070 

.057 

.075 

.090 

.10 

.11 

.12 

.093 

.11 

.13 

.15 

.16 

.j7  

.15 

.18 

.20 

.22 

.23 

.24 

1000 

.000019 

.00004? 

.OOOO83 

.00012 

.00017 

.00023 

.00071 

.0013 

.0019 

.0025 

.0031 

.0038 

.0043 

.0069 

.0090 

.011 

.013 

.0J5 

.017 

.023 

.029 

.034 

.038 

.043 _ 

.038 

.050 

.059 

.067 

.074 

.080  

.066 

.082 
•095 
.10 
.11 
.I2_ 

.11 

.13 

.15 

.16 

.17 

.18 



Table U-b 

Minimum Lifötes^mg Ti'nes to Assure Lot Cciplionce 
with 95^ Conf i dence 

In Multiples of Specified Reliable Life • 90 

1 
1 1 c 

Sample Size -  n 
1 

1000 1 

1 10 25       1 50       i 100 

"08I' 

250 

.015 

500 

.0052 

.0060 
! 0 8.2 1.3 •J2 .00080 j 

1 22 3.3 .^ .20 .033 .0020 

jß4 2 U3 6.2 1.5 .36 .059 .Oil* .0035 
5 72 10 2.3 •55 .090 .022 .0053   1 
k 110 15 3.3 .78 .12 .051 .007U   , 
5 ISO 20 U.I 1.0 .16 .OUO .0099  ! 

0 k.O 1.2 M .18 .056 .022 .0087 
1 1 8.0 2.2 .87 .3U .10 .040 .016 

2 12 3A 1.3 .50 .15 .060 .025    1 n 3 |8 k.6 1.7 .67 .20 .079 .031 
U 2k 5.9 2.2 .85 .25 .099 .038 
5^ 34 7.3 2.6 i    1.0 .30 .12 .0U7    i 

0 2.6 l.l .57 .28 .11 .057 .028 
1 U.7 1.8 .90 M .18 .091 .0U5 

ß-i 2 6.5 2.5 1.2 .60 .2U .12 .060 
I(Exp.) 3 8.7 3.1 1.5 .75 .30 .15 .07U 

U M 3.7 1.8 .88 .iL_ .17 .088 
„5 ^ U k.k 2.0 1.0  .20 .10 

0 
r 

2.2 l.l .65 .38 .20 .11 .068 
1 1 3.2 1.5 .92 .55 .28 .16 .097 
P-'i 2 u.i 2.0 1.2 .67 .3U .20 .12 

3 5.1 2.3 1.3 .80 .ko .21» .\k 
U 6.2 2.7 1.5 .91 M .27 .16 

  5 7.2  3.J   .._ 

1.0 

1.7 

.71 

1.0 .51 .30 

.18 

.18 

0 1.8 M           .27 .12 
1 2.5 \.k .93 .62          .36 .2k .15 

1^1^ 2 3.1 • 1.7 l.l •73 •^ .28 .18 
i. 3 3.7 2.0 1.2 .83        .ue .32 .21 

U U.3 2.2 I.U .92      '    .53 .35 •23 

1 — «   - -A .1. 
0 

>9. K8---4 -! _.!-5. L0_ _-58 .... .38 .. . ...._. .25__   j 

1.6 1.0 .76 .53 .3U ,2k .17 
1 2.1 1.3 .95 .67 M .30 .21 

!ß=2 2 2.6 1.5 l.l .78      i    .50 .35 .2k 
1 3 3.0 1.7 1.2 .85    ;   .55 .38 .27 
i ^ 3.3 1.9 1.3 .95   1   .60 .U2 .29 
i ^ -1. _1-1_ 2.1 I.U 1.0             .6U 

     1 . _  _        _ _ „  .^5  J*2_ 

0 1.5 (.0 .79 .60     j 
1 

.32 .2k 
1 1.8 1.2 .96 .72 .50 .36 .29 

^=2^ 2 2.1 \.k l.l .81      i .57 M .32 
5 2.4 1.5 1.2 .88     1 .62 M .35 
1+ 2.6 1.7 1.2 .96     I    .66 .50 .37 

,  5 2.9 1.8 1.3 1.0      j   .70 .53 .59 
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Table4-c 

Minimur L'fetes ing Ti'.es tn A j sure Lot Compliance 

Mi th 9^' Conf i der-.ce 

In Mu.'Nples of Specified Reliable Life — r » .99 

Sample ! »ize - n 
c 

10 25 50 

35 

100 

9.0 

250 500 1000 

0 850 140 1.4 .35 .090 

1 2U00 360 90 23 3.6 .90 .22 

ß4 2 4700 670 160 59 6.3 1.5 .39 
3 8500 1000 250 60 9.8 2.4 .60 

^ 13000 1500 360 86 13 3.4 .83 
5 22000  ,    2100 450 110 19 4.4 l.l 

r ■- 

o 91   l        27 10 4.2 1.3 .50 .20 
1 l80  1         52 20 7.9 2.3 .94 .37 

ß^ 2 290 77 50 II 3.4 1.3 .53 
3 UIO 100 40 15 4.6 1.8 .70 
U 560 130 50 19 5.7 2.2 .87 
5 770 170   j     59 23 6.9 2.7 1.0 

o 29 12 ; 5.9 3.0 1.2 .59 .29 
1 51 19 . 9.5 4.8 1.9 .95 .47 

ß=l 2 70 26   '      12 6.3 2.5 1.2 .63 
(Exp.) 3 92 33   ,     16 7.8 3.1 1.5 .77 

J+ MO 39         19 9.3 3.6 1.8 • 90 
5 150   ,         J+7          21 10 j       4.3 2.1 1.0 

0 12   ;      6.5        3-7 2.2 1.1 .67 .40 
1 18   1      9. 1     ,    5.4 3.2 1.6 .96 .56 

ß=li 2 2k             II     '    6.7 3.9 2.0 1 .2 .70 
3 29             13        7.8 4.6 2.3 1.4 .81 
U 3^ ;     15     9.0 5.3 2.6 1.6 • 92 
5 k\        17 9.8 

2.9 

5.9 2.9 ,      '•7 1.0 

0 7.5  '      h.h 1.9 l.l • 73 .48 
1 IG  1      5.8       3.8 2.5 1.5 .96 .64 

ß=lf 2 12  1      7.0       4.6 3.0 1.7 1.1 .75 
5 15 ;   7.9     5.2 3.1+ 2.0 1.3 .85 
h 17      9.0     5.7 3.8 2.2 1.4 .94 

_5 ^ 20 j 10       6.2 4.1 2.4 1.5 1.0 

0 5.5 3.4       2.4 1.7 1 .1 • 77 .54 
I 7.1 4.3       3.0 2.1 i.3 • S6 .67 

ß=2 2 8.U  1      5.1    1   5.6 2.5 1.6 l.l .78 
5 9.6 ;      5.8   !   h.O 2.8 1.7 1.2 .67 
li II   1     6.3   ■   4.3 3.0 1.9 1.3 • 95 
5 _ 12 6.9 :   4.6 

2.7   1    2.0 

__ .^2- 2.0 1.4 1.0 

0 5.8 i.5 1.0 .80 .61 
1 4.7 3.2 2.4 1.6 1.5 .97 .73 

ß=2^ 2 5.4 3.6 2.7 2.0 1.4 1.1 .83 
3 | 6.0 4.0 3.0 2.2 1.5 1 .2 .89 
k 6.7 4.3 3.2 2.4 1.6 1.2 .95 
5 7.3 4.6 3.4 2.6 1.7 1.3 1 .0 
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Toble 5 

Mini'-uT. Li ^ero!» .i nc) Times  to fljsuro Let Compliance 
wi TM 55* Coif i der.ce 

In  Multiples of  Specified Mini nun Mean  Li*e 

j    I 
c 

1 Sample Si 

100 

ze - n 

1   250 
1     500 

1 
t 

I 
_ L0-- 25 _50_ 

1 
1 

1000 

1 

 —4—     ...  __.   „ - _ . j -  •    — ^_. -- f -1  ~ — -.- - - 

i 0 .Oi+5 .0071 .0018 .OOOUp .OOOO76 .000018 .000004 

i 1 ' .12 .018 .00U5 .001! .00018 1  .00004? .0000!1 

' ß4 2 .25 .034 .0080 .0020 .00053 I  .000084 .000020 
i       ' 

1       | 3 M .055 .012 .0031 .00050 .00012 1  .000050 
t 
i 14 .75 .080 .018 .OOUJ .00069 .00017 j  .000041 

;          j _J_ ; 1.20 .11 .023 .0058 .00095 1  .00022 ^__. 000057^ 

1          | 0 .17 .0U9 .019 .0078 .0023 :  .00091 ; .00057 

1 

1 , .5^ .092 • 037 .OlU .0042 !   .0017 1 .00067 

Iß^   : 2 • 55 .\k .Oik .021 .0063 i   .0025 .00098 , 
i      i 5 1 -^ .19 .075 .027 .0083 .00J2 | .0013 

u I .00 .25 .091 .035 .010 .0040 \    .0016 
j 5 1 30 •31  j  .11 .0k\ .012 .0049 ;  .0019 

t 
1 i 

0 .29 .12  j  .060 .050 .012 .0060 .0050 
i I .50 .19  1 .095 .OkQ .019 .0097 .0048 

i ß=i   i 2 .70 .26    .13 .063 .025 .013 .0064 
(Exp.) , 5 • S* •33  1 -16 .078 .051 .016 .  .0077 

U 1 .20 .ko .19 .093 .057 .018 .0091 
1 5 1.50 ■ hi .  -21 . 1 1 .043 .021 .010 

i 0 
t 1 

.22     .13 .077 .040 .023 .014 

1 .65 •32  ; .18 .11 .056 .035 .019 
|ß=ii    . 2 .83 .ko     i .25 .13 .069 .041 .024 
t          i 5 1 .00 .U8  :  .27 .16 .080 .048 .028 

1+ 1.20 •55  |  .31 .18 .091 .054 .052 
.        i 5 1.50 .62  1 .Ik .20 .10 .060 .056 

1        i 0 .5^ .31     .20 .13 .079 .052 .054 
1 .7? .ui    ;  .27 .18 .10 .068 .045 

ß='f    1 2 • 90 .50    1  .32 .21    i .12 .082 .055 

i 3 1 .00 .58   1  .57 .2U .14 .093 .060 1 

i       j 1* 1 .20 .65    i  .k\ • 27   j .15   | .10 .067 
t J. J -50 .-.-^L...| -^ _ .29 .17 .11 .073 

t 0 .62 
t    ~ 

.39   !  .27 •19  ! 
1 

.12 .087    ' .062 

1 1 .80 ^9   j  .35 .2k        ! •15   | .11      < .078 
ß=2 2 .95 .58   .ko .28   | .18 .13 .089 

i 3 1 ,00  ' .65  1 M •31   i .20 .14   i .10 
i l+ 1 .20 .72  1 .^9 .34  ; .21    1 .15      i .11 

5 i.uo 1 .78 .52   1 • 37 .23   : .16   j .12 

0 .69 .ue    : .56 .27 .19    i 
1 

.15   ! .11 
• 1 .85 .58  ; .43 • 33 .23 .17   j .13 

ß-2i 2 .98 ! .66  1 .119 .37 .26 .19 .15 
: 3 1 1.10 ; •72  i .53 .ko .28 .21    1 .16 
1 1+ 1.20 1 •77  1 .57 M     , .50   1 .23   ! .17 
l 5 | 1 -30 ! .82  | .60 M      1 .32     ! .24 .18 
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Table 6 

Values of L^/L^ - V^.O} 

c ß - 1/2 ß - 3/4 ß - 1 ß - 1 1/3 ß « 1 2/3 ß - 2 ß . 2 1/2 

0 5,300 220 58 21 II 7.6 5.0 

1 170 31 13 7.0 4.7 3.6 2.8 

2 59 15 7.7 k.e 3.4 2.8 2.3 

3 32 10 5.7 3.6 2.8 2.4 2.0 

k 22 7.6 4.6 3.1 2.5 2.2 1.8 

5 16 6.2 4.0 2.8 2.3 2.0 1.7 

L gc ■ reliable lite, M gc ■ meai l'fe for which P(A) « .95 

L 05 « reliable life, p 0c ■ mean life for which P(A) = .05 
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Appendix A 

Reliable Life as a Lite-quolily Critorion 

This appendix describes the concept of  reliable  I ife or quantile  life 

of complementary order  which  is used as the  life-quality criterion  for 

items subject to the testing procedures given   in this report. 

For an arbitrary  lifelength distribution defined over 7 S x < »  (7  is 

the threshold or   location parameter) with c.d.f.  ■ F(x) and p.d.f.  ■  *(*)* 

the reliability function ■ R(x) ■ l-F(x) and a reliability index r 

(0 < r < I), the reliable  Iife p    (see Reference  12)  is the solution of x 

in R(x) m r or, 

Pr     *    R'V) (Al) 

where R* is the inverse function of R. 

If the lifelength of an item follows a Wei bull distribution of the 

form: 

F(x) n I - exp [- i~*f],  x * 7; ^ ß > 0 ; 

- 0,  otherwise 

and   its p.d.f., 

f (x) = I (^)M  exp  [-  {*ff],  x J 7;  1,  ß > 0 ; 

(A2) 

(A3) 

= 0,  otherwise, 

then the reliable  Iife or order r wiII   be, 

Pr = 7 + T   (-   In r) (AU) 

where b = l/ß.  In this report, since 7 is assumed to be known. Equations 

(A2, A3 & bk)  are not used. Instead, Equations (A5, A6, 4 A?) are used. 
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For 7 known, there is no loss of generality by assuming 7 ■ 0.  In this 

case, 

F(x) - I - exp(- (x/^f]    , (A5) 

f(x) -ß (x/n)0"' exp(- (x/T,)ß] ,                     (A6) 

and the reliable Ii fe is 

Pr - n (- I" '-)b  • (A7) 

Now let the testing time be truncated at t and lot p' be the probabil- 

ity of failure of an item prior to t, then combining (A5) and (A7)> 

p' - F(t) . I - exp{- [t(- In r)b/pr]
ß) , (A8) 

which can be simplified as, 

p' - I - expf (t/pr)
P |n(r)] . (A9) 

It can be noted now that if the truncation time coincides with p , one 

would always (for any ß > 0) have p' = l-exp(ln(r)J « I - r, which is to 

be expected. Also since 0<r<l, In (r) will always be negative and f inite; 

thus the Weibull c.d.f. in the form of Equation (AÖ) or (A9) satisfies the 

conditions;  F(0) = 0 and F(oo) = I and the c.d.f. is monctonic in t for 

P > 0. 

The inverse of Equation (A9) gives, 

t/pr = [In(l-p') / ln(r)]b (AIO) 

Notice that Equation (AIO) also asserts that for any ß > 0, p' = l-r if 

t « P.. 
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